
MARCH 1, 1933 PHYSICAL REVIEW VOLUM E 43

PROCEEDINGS

of the

AMERICAN PHYSICAL SOCIETY

MINUTES OF ATLANTIC CITY MEETING, DECEMBER 28—30, 1932

The 34th Annual Meeting (the 182nd regular
meeting) of the American Physical Society was
held in Atlantic City on Wednesday, Thursday
and Friday, December 28, 29 and 30, 1932, in
affiliation with Section B—Physics —of the
American Association for the Advancement of
Science. The presiding officers were Dr. W. F. G.
Swann, President of the Society, Dr. Paul D.
Foote, Vice-President, Dr. Karl K. Darrow and
Professor R. C. Gibbs. There were more than
two hundred physicists in attendance at the
meetings.

The annual joint session with Section 8 was
held on Thursday morning. The presiding officer
was Professor David L. Webster, Vice-President
of Section B. Th'e Retiring Vice-President, Pro-
fessor Bergen Davis, delivered an address on
Conquest of the Physical World and he was fol-
lowed by Dr. A. W. Hull of the General Electric
Company and Dr. Thomas H. Johnson of the
Bartol Research Foundation. Dr. Hull spoke on
Characteristics and Functions of Thyratrons, and
Dr. Johnson on The Cosmic Ray IIodoscop-e and
a Circuit for Recording Multiply Coincident Dis
charges of Geiger Mueller Co-unters.

On Thursday afternoon Professor Richard C.
Tolman of the California Institute of Technology
delivered the annual Josiah Willard Gibbs
Lecture. His subject was Thermodynamics and
Relativity.

On Friday morning there was a symposium of
invited papers on Cosmic Rays. The speakers at
this symposium were (1), Dr. Gordon L. Locher
of the Bartol Research Foundation on Expansion
Chamber Data on Cosmic Ray Ioniza-tion; (2)
Professor R. A. Millikan and Dr. H. Victor
Neher of the California Institute of Technology
on New Technique in tke Cosmic-Ray Fidel'd gnd
Some of the Results Obtained from It, Dr. Neher-
spoke On the new recording cosmic-ray electro-
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scopes which he had developed with Professor
Millikan; and (3) Professor Arthur H. Compton
of the University of Chicago on Sonze Evidence
Regarding the Nature of Cosmic Rays.

The annual dinner of the Society was held on
Thursday evening at seven o' clock at the Am-
bassador Hotel. There were two hundred and
nine present. Dr. W. F. G. Swann presided, and
introduced the new President, Dr. Paul D.
Foote. The after-dinner speakers were Professors
Arthur H. Compton, Karl T. Compton, Robert
A. Millikan and David L. Webster.

Annua/ Business Meeting. The regular annual
business meeting of the American Physical Soci-
ety was held on Thursday afternoon, December
29, 1932, in Room 12 of the Municipal Audito-
rium. The meeting was presided over by Presi-
dent Swann. The President had appointed
Messrs. Barton and Breit to canvass the ballots
for oS.cers of the Society. They reported the
following election for the year 1933:

President. . . . . ~. . . . . . .
Vice-President. . . . . . . . .
Secretary. . . . . . . . . . . . .
Treasurer ~. . . . . . . . . . . .
Members of the Council—four year term. . . . .

.Paul D. Foote

.Arthur H. Compton

.W. L. Severinghaus

.George B. Pegram

L. O. Grondahl
E. C. Kemble

Members of the Board
of the Physical Re-
view —three year term. K. K. Darrow

J. C. Hubbard
A. E. Ruark

The ballots also showed an almost unanimous
approval of the following modifications of the
constitution which had been recommended by
the Council:

Change Article VI, Paragraph 1, to read as
follows:
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"The President, Vice-President, Secretary, Treasurer,
Managing Editor, the three Past-Presidents most recently
retired from office, eight other members elected in the
manner specified in Article VII, and all Past-Presidents
first elected to the once of President prior to December
1932 shall constitute a Council which shall have general
charge of the affairs of the Society. "

Change Article VII, Paragraph 3, to read as
follows:

"No officer of the Society, except the Secretary, Treas-
urer and Managing Editor, shall be eligible for reelection
to the same office until at least one year after the com-
pletion of his term of office."

Change Article VII, Paragraph 1, line 6* to read
as follows:

"printed on the official ballot. The ballot shall also
contain the names of one or more candidates. . . ."

Change Article VII, Paragraph 1, line 9* to
read as follows:

"than three weeks before the Annual Meeting. Such a
ballot, if marked by a qualified, . . ."

Change Article X, line 4~ to read as follows:

"to all fellows of the Society at least three weeks in
advance of the meeting at which such. . . ."

The Secretary reported that during the year
there had been 168 elections to membership. The
deaths of 20 members have been reported during
the year; 50 have resigned. The membership of
the Society as of December 28, 1932 is as follows:
Members: 1931, Fellows: 667; Honorary Mem-
bers: 6; Total Membership: 2604.

The Treasurer presented a summary of the
financia1 condition of the Society. It was im-

possible to present a final report for the year at
the Annual Meeting because of the fact that the
fiscal year had been changed from ending on
November 30th to end on December 31st. The
Treasurer's financial report wi11 be audited,
presented and distributed.

The Managing Editor made a statement of
the condition of the journals of the Society,
reporting a deficit of about $3000 as of May 1,

* Lines are numbered as in Bulletin, Vol. 5, No. 5, Part 2,
November 15, 1930.

t As renumbered by action at New Orleans meeting; was
formerly Article VI II.

1932 increased at the rate of $750 a month since
then. He stated that a thorough study of print-
ing costs and new contracts through the Institute
of Physics will make considerable reduction in
the cost of publications for 1933. In this con-
nection he referred to the changed format of the
journals which would not only result in impor-
tant economies but will give a double column
page .which is more easily read and is more
adaptable as to set-up than the former single
column and rather wide page of the Physical
Review. But he stated that the saving will not
be enough to enable the Physical Review to con-
tinue publishing the same number of pages
without incurring a large deficit.

The Editor reported brieHy an analysis of the
results of the questionnaire which had been sent
to members of the Society. Two-thirds of the ten
hundred and fifty members replying indicated
that they would consider it advisable to discon-
tinue supplying the Physical Review in return for
present dues rather than to increase dues, and
although a large number of members indicated
that they would be willing to pay $2 in addition
to dues for membership subscription to the
Physical Review the Council had decided that
it would be unwise to place any more charges on
the members at the present time. The Editor
stated that he had therefore only one recourse
by which to avoid increasing the deficit on the
publications, namely, to reduce the number of
pages. He stated that with the cooperation of
the contributors he believed that this could be
done without materially impairing the pub-
lications.

Meeting of the Council At th.e meeting of the
Council held on Wednesday, December 28, 1932,
one candidate was elected to fellowship, three
candidates were transferred from membership to
fellowship and eighteen were elected to member-
ship. Elected to Fellotosbip: John von Neumann.
Transferred from Membership to Fellouiship: J. E.
Lennard-Jones, Gordon L. Locher and Eugen P.
Wigner. Elected to Membership: Carl O. G.
Borelius, L. T. Bourland, S.J. Broadwell, Otis R.
Ca.rpenter, Alex de Bretteville, Jr. , H. W.
Gillett, Helen Staff Hopfield, John J. Hopfield,
William Hume II, Charles Lukens, A. M. J. F.
Michels, John A. Sanderson, A. F. C. Stevenson,
A. Maurice Taylor, John G. Thews, Ancil R.
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Thomas, Ralph N. Traxler, Glenn M. Webb,
Philip S. Williams and R. D. Wyckoff.

The regular scientific program of the Society
consisted of 65 papers. Numbers 1, 5, 26, 27, 52

and 60 were read by title. The abstracts of these
papers are given in the following pages. An
Author Index will be found at the end.

W. L. SEvERINGHAUs, Secretary

ABSTRACTS

1. Motion of an aix-segment in a water-611ed capillary
tube. WILLIAM SGHRIEvHR AND J. F. EvANs, Univefsity

of Oklahoma. —Known pressures were applied to a water
column containing an air-segment in a horizontal capillary
tube (0.2 mm diameter) and the resulting velocities of the
air-segment were measured, A linear relation was found
to exist between pressure and velocity, but the experi-
mental curves when extrapolated made small intercepts
on the pressure axis. The smallest measurable pressures,
however, always produced motion of the bubble. For
air-segments longer than a certain length, resistance proved
to be independent of the length, but for very short air-
segments, the resistance was measurably less. The re-
sistance of an air-segment was shown to be approximately
equal to the sum of the resistances offered by its two
menisci. The resistance of an air-segment three days old
was found to be of the order of ten times as great as that
of the same air-segment when fresh. No adequate ex-
planation has been devised for this curious "aging"
phenomenon. It was further found that a moving bubble,
if suddenly relieved of all pressure, would reverse direction
and travel about two-thirds of its own length before
stopping. A plausible explanation has been given for this
last effect.

2. Physico-mathematical aspects of the conduction of
nervous impulse. N. RAsHEVSKv, westinghouse Research
Laboratories, Fast Pittsburgh, Pa.—Making the generally
accepted assumption, that the propagation of a nervous
impulse consists of a continued excitation of adjacent
regions by the bio-electric currents produced in the already
excited parts of the nerve, we find that the process of
propagation is described by an integral equation. As has
been shown in a previous publication, the velocity of
propagation of such a disturbance is in general not uniform.
In the present paper cases are studied, in which this
velocity is uniform. Formulae are derived for two different
cases. In one it is assumed, that the nerve is electrically
homogeneous along its length. In the other, it is assumed
that the myelin sheath is a perfect insulator, and that the
bio-electric currents can pass only through the Ranvier
nodes, where the continuity of that sheath is broken.
The theory applies not only to nerve conduction, but
formally holds also for the spread of activation in passive
metals, such as studied by R. S. Lillie.

3. On a thermodynamic relation in the theory of electro-
phoresis. O. HAI. PERN, New York University. —The electro-
kinetic potential cannot in general be subjected to thermo-
dynamic treatp1nt, It is possible however to treat the

special case of a particle migrating in a liquid by virtue of
adsorbed charged molecules the ionization of which lends
itself to thermodynamic discussion. In this way one may
explain certain striking regularities connected with electric
mobility of dissolved ions and that of surfaces covered
with a film of the same ionic material. The same method
proves useful in the treatment of colloid stability.

4. Variation with height of convective heat Qux from
parallel vertical plates. R. B. KENNARD, Bureau of Stand-
ards.—The temperature distribution between heated parallel
vertical plates in air was measured by an optical inter-
ference method. Heat loss from the interior surfaces of
the plates was calculated from the temperature gradients
next to the surfaces, assuming that heat leaves the surfaces
by pure conduction in the ambient air. Curves are obtained
showing the variation in heat flux from the bottom to
the top of the plates. The total convective heat transfer,
obtained by integrating these curves, is compared with
that obtained directly by electric power measurement,
after correcting for radiation. The heat transfer as meas-

ured directly is found to be from twenty to thirty percent
greater than that calculated from the observed temperature
gradients and the accepted value of the conductivity of
air. Since no sources of systematic error of this magnitude
are suspected, the discrepancy suggests that the effective
conductivity of the air near the surfaces may be somewhat
greater than that determined under static conditions.
The possibility of considerable departure from straight
laminar flow in the region very near the plate is considered.
An application of the studies to the design of fin type
radiators is made.

S. The electrical potential of amorphous and crystalline
amphoter1c surfaces 111 11glQds. O. WINTERSTEINER AND H.
A. ABRAMSQN, Columbia University. —It has been shown

that the ionization of protein molecules adsorbed onto
quartz surfaces is not changed appreciably by the adsorp-
tion process. That is, the electric mobility of the dissolved

protein ions and that of microscopically visible quartz
particles covered with an adsorbed film of the protein are
practically identical. Insulin is a readily crystallizable
protein which is highly insoluble near and at its isoelectric
point. The electric mobility of the crystals of this protein
has been studied simultaneously with the electric mobility
of the amorphous protein (adsorbed or in particle form).
The crystal surfaces were negatively charged at the
isoelectric point of the amorphous surface. This is inter-

preted (in harmony with previous data on amino-acid

crvsta») as evidence for the point of view that at the
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extreme limits of the crystal lattice of these amphoteric
crystals the polar groups are oriented in such a way as not
to be available for ionization in the simple sense found for
the adsorbed protein. It is possible to choose conditions
so that adsorption of a film of amorphous insulin onto
the surface of the crystal itself can be effected, giving the
crystalline surface the electrokinetic properties of the
surfaces of the dissolved or amorphous, adsorbed material.

6. A potential problem for a semi-infinite medium of
variable conductivity. L. B. SI.IcHTER, Department of
Geology, Mass. Inst. of Technology. —In determining electri-
cally the depth to bed rock in foundation problems, and
in larger scale studies of the upper crust of the earth by
electrical means, the problem arises of interpreting a
potential field observed at the surface due to a point
electrode in terms of the conductivity of the sub-soil.
The simplest case is that in which the structure is essen-
tially horizontal, so that the conductivity varies only in
the vertical direction. The direct problem is not uniquely
solvable, but results of sufficient reliability may be obtained
by comparing the observed data with corresponding results
computed for assumed structures. The postulated struc-
tures have always consisted of a number (usually two or
three) of discrete layers, each of constant conductivity.
The labor of computation is very great when this number
exceeds three. This problem is here examined when the
conductivity is permitted to vary continuously with depth.
Particularly simple solutions exist when the conductivity
function consists of a number of straight line segments.
Some comparisons between solutions for the layered type
of medium and those for the continuously varying type
are given.

7. An experimental study of the motion of particles in
systems of complex potential distribution. R. D. WYCKDFF
AND H. G. BoTsET, Gulf Research Laboratory, Pittsburgh.
(Introduced by P. D. Foote).—Certain practical problems
in the flow of liquids through porous media involve the
tracing of the motion of a given line of particles through
the flow system. Because of the equivalence of the pressure
in a liquid bearing sand to a velocity potential the motion
of a liquid particle in a sand is exactly analogous to that
of an ion in an electrolytic system. This analogy suggests
the use of electrolytic models for tracing the motion of a
line of particles in systems of complex potential distribution
where the analysis would be difficult or even impossible.
By the use of such models solutions have been obtained
for systems involving various configurations and shapes of
the sources and sinks. The distortions produced in the
system by the presence of impermeable barriers located
between the sources and sinks may also be observed.
In these models the motion of the particles is indicated
by a sharp trace representing the line of advance.

8. Interatomic distance calculations for ionic crystals.
M. L. HUGGINs AND J.E. MAYER, Department of Chemistry,
Johns Hopkins University. —By using the Born and Mayer
expression (Zeits. f. Physik 75, 1 (1932)) for the potential
energy of an ionic crystal a set of basic ionic "radii" has

been calculated. Interatomic distances computed from
these radii agree with the experimental values within the
probable experimental error, or nearly so, deviations from
additivity due to differences in the relative ionic sizes and
in the structure type being calculated quantitatively.

9. A new method. for calculating molecular vibration
frequencies. DQNALD H. ANDREws, V. DEITz AND S.
GoLDHEIM, Chemistry Department of the Johns Hopkins
University. —When a polyatomic molecule vibrates freely
in a single mode of motion it is necessary that each atom
in the molecule vibrate with the frequency characteristic
of that mode of motion. As a first approximation it may
be assumed that each of the atoms vibrates along a straight
line in the manner of an ideal harmonic oscillator. One
can then calculate the virtual elastic force which would be
necessary to produce the oscillation in question. This
force must equal the vector sum of the various forces
acting on the atom. In solving for the equation of the
motion, one can estimate the directions of motion of the
atoms from a knowledge of the shape of the molecule and
the forces involved. In this step mechanical models are
a considerable aid. The vector diagram of the forces on
each atom is next set up and solved for the resultant force.
The directions of lines of motion are then altered until
the resultant forces on the various atoms are just su6icient
to give them all the same frequency. It is possible in this
way to obtain the modes of motion for a number of
molecules too complex to be treated by the ordinary
methods. Using the generally accepted values for the force
constants it is possible to calculate values of the frequencies
which are in good agreement with the observed data.

'10. The index of refraction of carbon dioxide as a
function of the density. FREDERIcK L. BRowN, University

of Va.—Our present data on the optical properties of gases
at high pressures are meager and the theories are con-
flicting. The method here described is similar to that of
Phillips (Proc. Roy. Soc. London, A97, 225—240 (1920)).
A Fabry-Perot interferometer is completely enclosed in a
steel bomb, with heavy glass windows, immersed in a
constant temperature bath at 34.1'C. The bomb is con-
nected through a drying tube to a calibrated burette by
means of which the total amount of gas is measured by a
"bailing out" process. The accompanying fringe shift is
obtained by actual count. It was found that the Lorenz-
Lorentz function (p2 —1)/t (p,'+2) pg does not remain
constant. The inverse of the Lorenz-Lorentz function
when plotted against density shows a marked increase at
the higher densities. The data included densities in excess
of 0.8 g/cc and refractive indices in excess of 1.19.

11. The Raman spectra of five higher alcohols. P. L.
BAYI.EY, Lehigh University. —The Raman spectra of five
normal alcohols (amyl to nonyl) have been determined.
In the series from methyl through hexyl alcohol the number
of Raman lines increases with the length of the carbon
chain and the position of the lines show a regular progres-
sion. In heptyl, octyl, and nonyl alcohol, however, only
those lines corresponding to the spectrum of ethyl alcohol
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could be found. Spectra taken of hexyl and heptyl alcohols
with equal intensity of both the main lines and the scat-
tered background show the change clearly. .This change
may be due to the tendency of high boiling point liquids
to produce faint and diffuse lines but it is nevertheless
surprising that it should occur so sharply. A comparison
of spectra of the series of normal alcohols with those of
the corresponding iso-compounds shows that the number
and relative positions of lines are determined almost
entirely by the number of carbon atoms in the chain, —
n-butyl and iso-amyl alcohols having almost identical
spectra and likewise far lower members of the series.
The broad line at Av=1450 is definitely double in iso-amyl
and hexyl alcohols. Hexyl alcohol alone has a line beyond
1450, at 1657A.

12. Attempts to observe an electron afBnity spectrum.
O. OLDENBERG, Harvard University. —The failure ot pre-
vious attempts to observe an electron affinity spectrum
(due to the combination of neutral, electronegative atoms
and electrons) is explained by inadequate experimental
methods. Based on recent results regarding combination
spectra of positive ions and electrons, new attempts have
been made to observe the electron aS.nity spectrum of
atomic iodine by using three methods (hollow cathode,
positive column with addition of a rare gas, glowing
filament). No new spectrum was observed. This failure
is discussed theoretically. It seems that the capture of
electrons by halogen atoms is an improbable process as
compared with the combination of positive ions and
electrons.

13. Recombination spectra in the positive column of a
caesium discharge. F. L. MOHLER, Bureau of Standards,
6'ashington. —Mohler and Boeckner (Bur. Standards J.
Research 2, 489 (1929)), found that the intensity of the
caesium recombination spectrum increased with vapor
pressure and varied less rapidly with electron concentration
than was to be expected on the hypothesis of spontaneous
recombination. It has been possible to measure the in-

tensity over a much wider range of conditions by sighting
along the axis of a columnar discharge. The intensity
distribution between continuous bands and higher series
lines remains nearly the same. The intensity at equal
electron concentrations is nearly proportional to the vapor
pressure. Curves of intensity versus electron concentration
increase as the square of the concentration with low
concentration and become linear at higher concentration.
The form of the curves can be explained by assuming that
recombination takes place at a rate proportional to the
square of the electron concentration and that the radiation
is quenched by electron collisions in a process which is the
converse of ionization by collision. A similar process has
been assumed by Webb and Sinclair (Phys. Rev. 37, 182
(1931)) to explain the afterglow in mercury though they
found that only the electrons with energy exceeding about
one volt were effective in quenching mercury radiation.

nance radiation. O. S. DUFFENDAcK AND R. W. SMITH,

University of Michigan. —An investigation is made of the
effect of impurities on the conductivity produced in Ne
and in He at pressures from 1 to 10 mm by irradiation
with their own resonance radiation. The conductivity is
deduced from the volt-ampere characteristic of neighboring
parallel plane collectors placed in the unionized gas between
two low-voltage arcs ten tube diameters apart. The
characteristic is linear on both sides of the voltage axis
and obeys the mobility equation. It is found that for
carefully purified gas the conductivity becomes relatively
small. It thus appears that under the conditions of these
experiments electron emission by impact of metastable
atoms with the collector surfaces and tube walls is a
negligible factor. Addition of a trace (0.001%) of A or Kr
causes a marked increase in conductivity while addition
of Ne to He causes a decrease. The explanation is
proposed that metastable atoms which are probably
formed indirectly through absorption of resonance radia-
tion suffer either ionizing collisions (increased conductivity)
or dissipative collisions (decreased conductivity) depending
on the ionization potential of the added foreign gas.
The work is being extended to permit estimation of
collision probabilities and action cross sections.

15. An extension of the Pt I-like isoelectronic sequence
to tellurium IV, lead V, and bismuth VI. G. K. ScHGEPFLE,
Cornell University. (Introduced by R. C. Gibbs).—By using
a vacuum spectrograph in the region of 657A to 1965A
some of the lines arising from the transition d'p to d's
electronic configurations of Tl IV, Pb V, and Bi VI have
been found. Except for the 3PO term, the values of the
'PDF 'PDF (5d'6p) and 'D 'D (5d'6s) are determined
with respect to 'D3. These data are compared with those
for the (4d'5p) to (4d'Ss) transition of the Pd I-like
sequence. Note is taken of the work by Mack, Carroll,
Rao and Arvidsson.

10. Pressure broadening of spectral lines. HENRY

MARGENAU, Vale Universi ty.—Pressure broadening by
foreign gases has been treated in a previous paper (Phys.
Rev. 40, 387 (1932)) on the basis of a statistical analysis
of the van der Waals interaction curves. It is now shown
that this statistical analysis must necessarily lead to the
same result as the more common, but less perspicuous,
procedure of expanding the modulated frequencies in a
Fourier integral. There is no collision broadening which is
not included in the effect previously discussed. Extending
the former results, we have calculated the distribution of
frequencies within a spectral line broadened by very high
pressures, obtaining an approximate closed expression,
and an accurate function which can be evaluated graphi-
cally. Agreement with experiment is good, but not entirely
unambiguous because of lack of certainty of the molecular
constants of attraction. More significant, perhaps, is the
fact that it is possibles now to determine the latter from
an analysis of the line contour,

14. The e8ect of a small admixture of a foreign gas on
the conductivity of a rare gas irradiated by its own reso-

17. A new band in the spectrum of the OH molecule.
HFRRIcK L. JQHNsTQN) DAvID H. DAwsoN AND MARGERY
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K. WALKER, Department oj Chemistry, The Ohio State
University. —Although the ultraviolet "water vapor"
bands were among the earliest molecular spectra to undergo
extensive investigation, heretofore only six bands have
been reported. These involve transitions between the
(0, 1, 2) vibrational levels of an excited 'Z state and the
(0, 1) vibrational levels of the normal 'lI state. With

improved conditions for exciting the spectrum we have
obtained 91 lines, heretofore unreported, in the neighbor-
hood of the (0', 1") band at %428. 44 of these lines
prove to be extensions of )3428; 54 lines (including 11 in
common with X3428) form a new band with a head at
X3484; and 4 lines remain unidentified. Analysis of the
new band identifies it as the (1', 2") band of the "water
vapor" system. A preliminary calculation of the moment
of inertia of the new (V"=2) level yields 1.625&&10

g cm' as compared with 1.496)&10 ' and 1.558X10
for the respective (V"=0) and (V"= 1) levels. The
identification of the new band permits the formulation of
the vibrational energy equation for the normal 'II electronic
state of OH, as G=3735.0(V+~) —82.8(V+-') .

18. The infrared rotation vibration syectrum of hydrogen
sulphide. A. D. SPRAGUE AND H. H. NIEI.SEN, Ohio State
University. —The fine structure of the hydrogen sulphide
band at 1.9p, first reported by Mischke (Zeits. f. Physik
6'7, 106 (1931)), has been explored in absorption with a
prism-grating spectrometer by using a grating of 3600 lines

per inch and slit widths of 0.2 nim. The absorption cell,
thirteen inches long, gave a maximum absorption of about
20% of the incident energy. It was found that the general
contour of the band had two maxima which lay at 1.93p,
and 1.97@, respectively. The wave-length at which this
band occurs suggested that it might be a harmonic of
the band at 3.73@ investigated by Nielsen and Barker
(Phys. Rev. 37' (1931)), but this band showed only one
maximum. It therefore seemed of interest to reexamine
the 3.73@, band with the view of definitely establishing the
1.9y band as its overtone or not. This examination dis-
closed that the band reported at 3.73JM, was actually only
half the whole band, and that the second maximum
occurred at about 3.88@. The spacings between adjacent
prominent lines are apparently of the same order as those
for the harmonic.

19. Barium hydride band spectra in the near infrared.
WILLIAM W. WATsoN, Fale University. —Two new band
systems of the molecule BaH have been found, one in
the region of 9000A, the other beyond 10,052A. The first
with principal heads at 8924A and 9017A degraded to the
red is 'Z~'Z with the same lower Z as for the ~II~ Z
bands in the visible red. A quantum analysis gives for the
upper 'Z state Bp=3.232, Dp= —1.323)&10 ' and pp
= —4.84. This very large spin doubling indicates strong
interaction with a near-lying, lower 'lI state. Computation
gives 1700 cm ' for the interval u(II, Z), and thus this 'II
is undoubtedly the upper state for the bands observed
beyond 10,052A. The nature of the electron configurations
for these four BaH states is discussed. Experience in the

use of infrared sensitive plates in photographing emission
band spectra is detailed,

20. The production of specified wave forms with the
photoelectric siren. HARoI. D P. KNAUss, Ohio State Uni-
versity. —If a siren disk is used to interrupt a beam of
light falling on a photoelectric cell, the amplified output
produces a complex tone similar to that of the familiar
air siren. Milne and Fowler (Proc. Roy. Soc. A98, 414
(1922)) made a study of the wave form of the Seebeck
air siren, and found that they could design orifices for the
disk to produce a practically pure tone. In the photo-
electric siren, it is easier to make the disk openings of
some simple shape, and modify the stationary aperture to
produce desired wave forms. The disk used in the present
experiments has radial slots 5 degrees wide, spaced at
30 degree intervals. It is placed near a lens which throws
an image of a small source of light on the photoelectric
cell, and interchangeable stationary apertures are placed
between the disk and the lens. Assuming a stationary
aperture bounded by an. arc of radius rp, and a curve
expressed as f(0) =r —rp, the area exposed at any instant
will be A =y J'+ '"f(0}dg and the photoelectric current
will vary as this integral varies with the time. The function
f(8) may thus be determined for a given wave form, or
vice versa.

21. Measurements on contact potential difference be-
tween different faces of copper single crystals. H. E.
FARNswoRTH AND B. A. RosE, Brow n University. —
Measurements on contact potential difference between
the (111)and (100) faces of single crystals of copper, as a
function of the time of outgassing in a high vacuum, were
made by the standard Kelvin null method. Care was
first taken to obtain smooth surfaces etched parallel to 'the

desired planes with practically no etching parallel to other
planes. Two sets of observations with different experi-
rnental tubes show that the (111) face assumes a positive
potential with respect to the (100) face. This value in-
creases rapidly from near zero to about 0.4 volt during
the first few hours of outgassing at dull red heat, and then
more slowly to a limiting value of 0.463&.002 at 70 hours
and remains constant to at least 150 hours. In one case
the value decreased by further heating at temperatures
which exposed other faces by evaporation. Observations
were taken at a pressure of about 10 ' mm Hg as measured
on an ionization gauge. Although the present outgassing
is not complete it is more than that required to reduce
the surface gas layer to such a thickness that it possesses
a definite crystal structure related to that of the under-
lying copper, as shown by Farnsworth. Hence the above
result should be characteristic of surface gas crystals on
copper.

22. Equivalent circuit of a blocking-layer photo-cell.
LAwRENcE A. WooD, Cornell University. —Observations
by Schottky and Deutschmann on the cuprous oxide
rectifier indicate a circuit consisting of a capacitance and
two resistances, probably arranged with one shunting the
capacitance and the other in series with the combination.
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Capacitance bridge measurements at audiofrequencies
with a Weston Photronic Cell indicate that for this a
second capacitance element must be added to the previ-
ously mentioned circuit. The graph of observed values of
effective reactance against effective resistance is a circle
with its center displaced from both axes. Displacement of
the center from the resistance axis seems to arise only
from the addition of a second reactance element. Upon
illumination of the cell the radius of the circle decreases
and the displacements are diminished. The new values
are reached quickly upon illumination, but after illumina-
tion require almost ten minutes to return to their original
values. Measurements of the varying component of the
voltage produced by the cell when illuminated with light
of sinusoidally-varying intensity show a rapid decrease
with frequency. Resonance may be obtained by placing
an inductance across the cell. The relation of these observa-
tions to the equivalent circuit of the photo-cell is discussed.

23. Interpretation of x-ray satellites. HUrH C. WOLFE,
Heckscher Research Assistant, Cornell University. —Druy-
vestyn's explanation of the En satellites has been put to
the test of numerical calculation by using the Hartree field
in the case of potassium (Z=19). The Ecx satellites are
attributed to transitions from states with one E and one L
electron missing to states with two I- electrons missing.
By treating e'/r» as a perturbation and using the wave
functions of the unperturbed Hartree wave equation, the
energies belonging to the configurations 1s 2s, 1s 2p, 2s 2p,
and (2P)' were calculated according to Slater's theory of
complex spectra. The symbols describing the configurations
refer to electrons missing from closed shells. The assump-
tion of Russell-Saunders coupling is a justifiable approx-
imation since the interchange energies turn out to be large
compared with the spin-orbit interaction, which is meas-
ured by the En doublet separation. There are five allowed
transitions which may be correlated with five characteristic
En satellites

Line
Ea'
EA3
En4
Eexp

Eup

v/R obs.
245.05
245.56
245.69

Transition
1s 2p 'P~(2p)'
1s 2s 'S~2s 2p
1s 2s 'S~2s 2P
1s 2p 'P~(2p)'
1s 2P 'P~(2P)'

'S
3P
'P
'P
1D

v/R calc.
245.05
245.63
245.53
246.38
246.15

24. A critical study of the intensity formula for the
powder method of crystal analysis. F. C. BLAKE, Ohio
State University. —By combining the Thomson and Lorentz

En~, p are not observed in potassium but appear in other
elements as a doublet at higher frequency than Ea3, 4. A
small change in the interchange integrals would reverse
the sequence of the frequencies calculated for En3 and En4
and likewise for Ens and Ea,p. The reason for choosing the
transitions assigned here is to make En3 and Eap appear
as triplet-triplet transitions, since these lines have fine
structure. The strong lines, Ecx3, 4, which persist from
Z=11 to Z=30, are due to an initial EI.(2~) ionization.
The weak lines, Ecx' and Eo.5, &, which appear from Z=11
only to Z=19 and Z=16, are due to an initial El.(22)
ionization.

factors into a single factor, and the usual structure factor
and the atomic form factor into another single factor, the
intensity formula consists of the product of these two
together with the form or multiplicity factor, the Debye
temperature factor and the absorption factor, treated by
Claassen and Rusterholz. It is possible from a knowledge
of these five factors to study intensity as a function of
the wave-length for metals of different atomic numbers.
Calculated results can be compared with experiments by
means of densitometer experiments properly interpreted.
The comparison has been made for aluminum using
molybdenum and copper rays and agreement found for
molybdenum rays. The reasons for disagreement when

copper rays are used are discussed. There are other factors
not properly handled in the intensity formula. These
are discussed.

26. New electron diffraction rings in zinc oxide aa.d
their interpretation. K. LARK-HORovITz AND H. J.
YEARIAN, Purdue Uni versi ty.—The diffraction of zinc
oxide powder deposited from an electric arc between zinc
electrodes has been investigated with electrons from 6 to
20 kv velocity. Besides the ordinary diffraction rings
corresponding to the x-ray pattern, diffraction rings have
been observed corresponding to 1/2 of 100 and 1/2 of 002.

Voltage. . . . . . . . . . . . . . . . . 19500
Ratio of diameters . . D~/Dypp0. 482

D2/Dpp20. 498

16700

0.501

These rings are of much smaller intensity than the ordinary
diffraction rings. The diameter of these rings as obtained
for different voltages agrees with the value calculated for
the different wave-lengths. Assuming that besides the
diffraction from solidly packed crystallites (n) =2d sin 0)
diffraction also occurs from loosely arranged crystallites, in

2S. O,-particles from ionization chamber materials. J.A.
BEARDEN, Johns Hopkins University. —The troublesome
effect of a-particles in the measurement of small ionization
currents is well known. The number of a-particles emitted
by various materials usually used in ionization chambers
has been determined by using an F P 54 vacuum tube and
photographic recording over long time intervals. It was
found that cold rolled steel was the best material for the
walls and electrodes of chamber. Brass and copper were
the next best materials. Careful cleaning of the metal
surfaces with sandpaper reduced the number of particles
usually observed by about 75 percent. Such a cleaned
surface when exposed to air for a few hours returned
almost to its original condition. Iron under the best
conditions gave less than 3 a-particles of range greater
than 4 mm per 100 sq. cm per hour. Attempts were
made to purify copper and use plated surfaces, but this
was not successful. Thin celluloid, painted with india ink
or thin iron foil was found satisfactory for windows.
However some samples of india ink were not satisfactory.
Well cleaned amber was very good for an insulator, while
glass was poor. Methyl bromide, good quality CO2, and
N~ were found to be suitable gases.
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which case refraction at the surface of each crystallite takes
place nX(1 —(4d /150n») U0) "»= 2d sin 8 where d is the
spacing, n the order of diffraction and Uo the inner potential
of the crystal these rings can be interpreted using an inner
potential of 4 volts for zinc oxide. The rings appear
strongly if the powder shows a mesh of loosely arranged
fibers under the microscope, and while these fibers break
after continued electron bombardment, the rings become
weaker in agreement with the explanation given above.

27. The problem of the intrinsic magnetic Geld by P.
gneiss. JAKQB KUNz, University e& Illi nois.—A large
number of magnetic phenomena hav~ ~een coordinated
by P. Weiss by the assumption of an intramolecular
magnetic field. On the other hand arguments have been
advanced by Akulow and Honda against the existence
of such a field of 6 to 14000000 gauss. The strongest
argument of Weiss consisted in the calculation of the
increase of the specific heat of the ferromagnetic materials
in the neighborhood of the Curie point. But the phenomena
of the specific heat above the Curie point are not accounted
for in Weiss' theory. Moreover it has recently been found
that there exists in magnetite a sharp increase of the
specific heat and a sudden change in the magnetic proper-
ties far away from the Curie point, and other substances
such as paramagnetic MnO also show a very abrupt change
of the specific heat at a low temperature. The magneto-
caloric effect determined by d T= —(T/C4) (dJ/d T)dH is
given by thermodynamics alone. The transition of ferro-
magnetic into paramagnetic properties is, especially in
Weiss theory, obscure, as the number of magnetons is very
different below and above the Curie point.

28. The dynamic aspect of ferromagnetism. F. Bn'TER,
Research Laboratori es, asti nghouse Elec. &' Mfg. Co.,
East Pittsburgh. —During the last few years a static theory
of ferromagnetism has been achieving considerable success.
In its latest form this theory expresses the energy of a
crystal as a function of the direction of magnetization as
follows:

Zg =cz'ui»a +kizAiiu +k»z'A;;a;a; —I~EH, n;+const

and claims that the actual direction of magnetization is
given by the direction in which Eg has a minimum. Ag
are the components of the strain tensor describing the
distortion of the crystal, and a; etc. are the direction
cosines of I . The summations are with respect to i, j, k.
In order to apply such a static theory consistently we
should seek the minima of Zg not under constant strain,
but under constant stress. The stress tensor components
are given by Fii = 88'/BA&; etc. We assume this differ-
entiation to be carried out with n; etc. constant.

Cll CI»S'=—&A's'+ —&'A iiA;; +c44&'A'g'+ Ee

ciI, cl2 and c44 are elastic constants. With the help of
these expressions we may write A;; as a linear function
of the quantities F;. Substituting in the expression for
W' we obtain

Qgl —CI +I~i»or~»+ k ilg Fbi ~i»+ k»1pl pi ji Aj I~gII,a;+COnSt.

All terms not involving a are lumped in the final constant.
The new coefficients have the values

k ' k»'
cI = ——+c kl' ——0 k»' ——0

2 (ciI cI») 4c44

Accordingly, all terms involving products of F and n
drop out of TV. This static theory of ferromagnetism
predicts that magnetization is unaffected by externally
applied stresses, in contradiction to experimental facts.
The correct theory is probably a dynamic one in which
I oscillates so rapidly that the quantities A;; remain
constant because of the large inertial forces acting on the
heavy nuclei.

29. The temperature dependence of Young's modulus
for nickel. JERRY.D ZAcHARu. s, Columbia University. —
Young's modulus is calculated from the free period of
longitudinal vibration of a thin rod. The latter is found
experimentally for temperatures between 30 C and 400'C
by a method previously described (S. L. Quimby, Phys.
Rev. 39, 345 (1932)).Observations are here reported upon
single crystals grown from especially pure nickel and upon
hard drawn, polycrystalline rods of commercial nickel
which contained copper, carbon, iron, manganese, silicon
and cobalt to the amount of 1.1 percent. The variation
of Young's modulus with temperature depends on the
previous thermal history of the sample. Between 30'C
and 200'C Young's modulus for annealed specimens de-
creases about 13 percent. This is followed by an increase
to the Curie point of about 6 percent and above the Curie
point by a linear decrease. For single crystals the maximum
at the Curie point is so sharp as to indicate a discontinuity
in the temperature coeKcient. For hard drawn specimens
and specimens quenched at 1100'C the minimum is wholly
absent. Young's modulus decreases continuously to the
Curie point, where, however, the temperature coefficient
suffers an abrupt change.

30. A magnetic velocity selector for molecular beams.
I. I. RABI AND V. W. CoHEN, Columbia University. —In
experiments on the direct measurement of nuclear spin by
magnetic deRection of molecular beams it was found
convenient to use a magnetic velocity selector. A portion
of a beam of neutral sodium atoms, spread out in a velocity
spectrum by an inhomogeneous magnetic field, is selected
by a movable selector slit for further analysis. Beams
53 cm long and velocities 1/2 the average for the corre-
sponding temperature have been used. For a given width
of selector slit resolution varies inversely as the selected
velocity. The beam was detected with the Langmuir-
Taylor surface ionization detector. An original beam
intensity of 30 cm, galvanometer sensitivity 1 mm = 10 "
amperes is reduced to 1/300 by the selector with a resolu-
tion dv/v = 1/10. Detector Ructuations are of this order.
However, we found it possible to accumulate sodium for
8 minutes on the cold detector wire. By sudden heating
we obtain 15 cm ballistic throws corresponding to complete
ionization of the accumulated sodium. Residual gases and
impurities give no appreciable effect. With the accumu-
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lation method it was relatively simple to perform further
experiments with the very feeble monochromatic beam.

31. Direct measurement of the scattering of potassium
atoms by other atoms and molecules. W. H. MAIs AND

I. I. RABI, CoLumbia University. —A narrow beam of neutral
potassium atoms (angular width 20') was scattered by
hydrogen, helium, nitrogen and carbon dioxide under low
pressure. The scattering was investigated by means of a
surface ionization detector, as a function of angle with the
original beam from 0' to 60', as a function of pressure of
the scattering gas, and of the temperature of the potassium
beam, The results allow a determination of the scattering
function or f curve within these limits. The small angle
scattering expressed in terms of collision radii gives much
larger collision radii than either kinetic. theory radii or
radii obtained from lattice distances. However, if one
defines as a collision a change of direction of the potassium
atoms of one-half degree, then the computed radii approach
more closely the values to be expected. For the temperature
of the potassium atoms the de Broglie wave-length is of
the order of 2X10 ' cm and we consequently would
hardly expect any contribution to the scattering of the
potassium atoms due to diffraction by the scattering gas
atoms. The results may therefore allow of an evaluation
of the mutual interaction between the potassium atoms
and the atoms of the scattering gas.

32. Orthogonality of scattered-wave functions. E. H.
KENNARD, Cornell University. —Solutions of the equation,
2 &+a'( W—V)p =0 are sometimes needed which at infinity
take on the form p=e'~'x+4, C~Ce'~"tr; cf. the functions
used in treating x-ray emission by Sommerfeld, who proved
their orthogonality in that case by a special argument.
A general proof that such solutions are always orthogonal
when V is suitably restricted to the neighborhood of a
point P can be arrived at by paraphrasing mathematically
the following argument. Let two wave packets with
almost-definite energies approach P in difl'erent directions
from infinity. In the beginning they do not overlap (C =0)
and so are obviously orthogonal; in consequence of the
Schrodinger time equation they preserve this orthogo-
nality; then as they flow over P the diverging C waves
develop and p becomes in each packet approximately a
characteristic solution of the type in question. For a
convenient mathematical statement one writes down

e-~»~'(e —'»'x+C '(&,))d.'7 e'»'(e'&'x+4'&») d~
Bm

Bvr =any region in the y space; one thea shows that
dI/dP =0, and that as P~ ~ the contributions from 4' to I
vanish and by Fourier integral theory I=O unless p& lies
in gn-. It follows that I=O when P=O, which expresseq
the desired orthogonality.

33. The probability function for the production of He++
by single electron impact. WAI. KER BLEAKNEv, Princeton
University. —With a mass-spectrograph previously de-
scribed (Phys. Rev. 40, 496 (1932)) the He++ ion was
found as a result of single electron impact. The ionization

potential turned out to be 79 volts as expected. Above
this point the effective cross section for such a collision
increases rapidly with increasing electron velocity and
passes through a maximum in the neighborhood of 330
volts. At this point the effective cross section is of the
order of 2)&10 " cm'. It is concluded therefore that of
all the helium ions produced by 330-volt electrons about
one percent are originally doubly charged. At higher
electron velocities the relative number increases slightly
but the actual number decreases.

34. Measurement of the masses of He and H', Ne20,
Ne" 3" Cl" and Cl" with a mass-spectrograph. K. T.
BAINBRIDGE, Bartol Research Foundati on of the Franklin
Institute, SmarSmore, Pa.—The ratio of the masses of
He and H' was measured by comparison of He++ and
Hq'+ on fourteen spectra. Referred to H' = 1.00778,
He=4.00218&0.00004. All of the succeeding masses are
referred to 0". Ne' =19.9967~0.0009 from ten spectra
by measurement of the Ne" line with respect to the known
masses of C and O hydrides, and C& and its hydrides.
Ne" =21.99473&0,00088 from five spectra by measure-
ment of Ne++ in relation to C+ and its hydrides over the
linear part of the mass scale. Both neon values are outside
Aston's limit of error and an explanation for his extra-
ordinarily high mass values will be suggested. Within
the limits of error of the Ne'2 and F'.~ masses, the mass
of Ne" is in agreement with the mass calculated from the
disintegration experiments on F' . B"= 11.01073 from two
spectra as determined by the same method used for doubly
ionized Ne". CI3' and Cl" were measured in the second
order (doubly ionized) by comparison with OH, OH2, OH3
ions. CI3' =34.9796+0.0012 from seven spectra, and
CI3'=36.9777&0.0019 from five spectra. Sample spectra
will be shown.

35. Decay of luminescence and light absorption in
phosphorescent materials. D. H. KABAKJIAN, University

of Pennsylvania. —A number of substances were exposed
to alpha, beta and gamma-rays from radium or polonium
and the variation in their light absorption coefficient, p,
was determined. The substances were either in the form
of transparent plates or of deposits of crystalline powder
on thin glass. The rate of variation of p, for all the sub-
stances investigated, whether phosphorescent or non-
phosphorescent, can be represented by curves of the same
type. It is found that for a constant source of radiation p,

does not increase exponentially with time but tends to
reach a saturation value. The saturation value for each
material depends upon the intensity of the irradiation
but is independent of the total amount of energy absorbed
by it. It also depends upon the temperature at which
irradiation takes place. The increase in the value of p does
not seem to be directly related to the light emissivity of
the material. With the data obtained from the absorption
curves it is possible to plot luminous flux-time curves of
irradiated phosphorescent materials instead of brightness-
decay curves. The curves show a decay of flux that can
not be represented by a simple exponential.
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36. Fluorescence of solutions of cMorophyll a. H. V.
KNQRR AND V. M. ALBERs, Xettering Folndation, Antioch
College. —The fluorescence of chlorophyll a in solution in
anhydrous ether, benzene, acetone and methanol has been
photographed by means of a Hilger E& spectrograph.
The Quorescence was excited by radiation from four Pyrex
mercury arcs. The solutions were maintained at a temper-
ature of 6 centigrade. One minute exposures on Ilford
hypersensitive panchromatic plates were used to obtain
the spectrograms. The concentrations used were 1 mg per
100 cc of solution. The Quoresence consists of a main
band, the wave-lengths of its maximum being 6718A for
ether, 6767A for benzene, 6720A for acetone and 6745A
for methanol; a second band the wave-length of its maxi-
mum being 6330A for ether, 6358A for benzene and 6392A
for acetone. A shift in the position of the main band toward
the violet and the second band toward the red is observed
when the solutions are irradiated continuously. This shift
is attributed to additional bands of the new Quorescent
compounds which are formed photochemically. The initial
positions of these bands do not agree with those observed
by earlier investigators. Two additional bands at 7335A
and 6792A have been observed for chlorophyll a in ether,
by using longer exposures on Eastman extreme red plates.

37. The 6uorescence of some substances containing
vitamin A. JAY W.- KooDRow AND A. R. ScHMIDT, IoÃ$
State College. —One of us has previously reported the
observation of a Quorescence band at about 550 mp, for
cod-liver oil when irradiated by ultraviolet light. Kith
improved equipment, we have obtained two distinct
fluorescent bands for cod-liver oil, one a narrow band
extending from about 530 to 570 mp and the other much
wider and extending from about 410 to 510 mp. The same
two bands were obtained with butter fat, but they were
not so intense. This broad band from 410 to 510 mp was
also obtained with spinach and tomato juice, both of which
contain vitamin A. The broad Quorescence band in cod-
liver oil is very much reduced in intensity for cod-liver oil
which has lost most of its vitamin A potency is due to
bubbling air through it at a high temperature. Apparently,
the Quorescence is connected with either the vitamin- A
or the carotin present.

38. "Conquest of the Physical World. "*Address of the
Retiring Vice President of Section B—A.A.A.S.,

BERGEN DAVIS

Collmbia University

Tke natural impulse of mankind is to obey the command
to "Subdue the Earth and have dominion over it." The
scientist subdues the forces of nature to beneficent uses.
The great mass of mankind has overrun the surface of the
earth with irreversible destruction. The conquests of
science are a ceaseless adventure, more thrilling than the
prosaic adventures of exploration or adventures in the
political life. A rapid survey is made of the conquests of
physical science, such as the conquests of the heavens,

* Invited papers.

the discovery of the laws of motion by Galileo and Newton,
the conservation of mass and the conservation of energy,
the establishment of the atomic hypothesis and the electro-
magnetic theory of light. Two major discoveries at the
close of the last century were the Roentgen rays and
radioactivity. These initiated the study of' the structure
of rnatter and the nuclear atom of Rutherford and Bohr.
The quantum theory of radiation, and its absorption and
emission rapidly followed. The special relativity theory
of Einstein was a major conquest, containing the broad
generalization of the identity of matter and energy.
Studies in radioactivity and the photoelectric effect
definitely established that matter and energy are atomistic.
There is no continuum in nature. The discovery of iso-
topes, together with the identification of matter and energy
led to processes of atomic disintegration and atom building.
Recent experiments show that the proton has great
chemical affinity for certain atomic nuclei. We are at the
beginning of a new chemistry, the chemistry of the nucleus.
The way is open that will lead to the conquest of the
internal energy of atoms to pur uses. The oasis of knowledge
has been greatly enlarged, but the surrounding desert of
the unknown is still without limit.

39. "Characteristics and Functions of Thyratrons. "*

A. W. HUI.I.
Research Laboratory, General Electric Company,

Schenectady, Rem Fork

The fundamental properties of Thyratrons are described
and illustrated. Present models are discussed from the
standpoint of grid control characteristics, power amplifi-
cation, starting time, deionization time, current and
voltage limits, and efficiency. Typical applications are
described to illustrate the different functions which the
Thyratron is adapted to serve. These functions include
on-and-off control operations, continuous variation af
current by phase control, rectification, inversion, frequency
changing and commutation of motors. Scientific applica-
tions are discussed, and future possibilities briefly forecast.

40. "The Cosmic-Ray Hodoscope and a Circuit for Re-
cording Multiply Coincident Discharges of

Geiger-Mueller Counters. "*

THoMAs H. JOHNsoN

The Bartol Research Foundation of the Franklin Institute

The cosmic-ray hodoscope was designed to provide a
continuously sensitive method for tracing the paths of
the cosmic rays throughout an extended volume. The
present model consists of a bank of 36 counter tubes
each of which is connected to a neon fash lamp. The
cosmic-ray tracks, appear as a row of simultaneously
Hashing lamps. The method of eliminating lashes other
than those due to cosmic rays and the method of recording
the Qashes are described and possible uses indicated.
The circuit for recording coincident counter discharges,
designed in collaboration with J. C. Street, is described
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and discussed as regards its resolving time, sensitivity and
constancy. The paper was illustrated by demonstrations.

41. High-speed ions of stellar origin. Ross GUNN, Naval
Research Laboratory, Bellevue, D. C.—It is noted that the
observed state of rest of numerous ionized calcium clouds
guarantees that all interstellar space is substantially neu-
tral. The presence in the solar atmosphere of strong electric
fields suggests that negative ions might be accelerated and
move off into space with energies of some millions of volts.
The process of emission is studied. It is found that only
within a sunspot are conditions such that a negative ion can
traverse the solar atmosphere and acquire energy com-
parable to the potential difference between the sun proper
and free space. An electron or negative ion which succeeds
in traversing the layer emerges at high speed and attracts
to itself, from the high atmosphere, a neutralizing positive
ion by electrostatic attraction; and, finally, the two ions,
forming a neutral pair, leave the sun at precisely the same
velocity. The energy of the neutral stream is estimated to
be a very small but appreciable fraction of the energy radi-
ated by the sunspot. Bearing on the penetrating radiation.
Neutral ion pairs of solar origin can have no relation to the
penetrating radiation because of their low energy, but simi-
lar processes in early type stars will give rise to neutral ion
pairs of approximately 10'o or 10" electron-volt energies.
It is suggested that these energetic neutral ion pairs which
perhaps get separated by electromagnetic forces or by
collisions in the earth's atmosphere are identical with the
penetrating radiation. Reasons are given for believing that
the distribution of such particles in space is nearly uniform.

1,000,000 electron-volts. The results at 500,000 volts are in
excellent agreement with those of Cockroft and Walton,
The form of the curve differs slightly and the probable
causes of this difference are discussed.

43. The disintegration of lithium by protons. J. R. Op-
PENHEIMER, Berkeley, California. —The disintegration of
lithium by protons first observed by Cockroft and Walton
was expected on theoretical grounds; but the disintegration
of much heavier elements, which is also observed experi-
mentally, appears irreconcilable with the usual nuclear
model. To see whether the voltage dependence of the effect
in lithium was in detail in accord with the theory, we have
therefore made the calculations, using for model the Gamow
model of a repulsive Coulomb potential broken off at a
radius r, assuming that the number of capture-disintegra-
tions is proportional to the probability of finding a proton
inside r, and taking into account the stopping of the protons
in the target. For the range in question the theoretical de-
pendence of the yield on the proton voltage V is given with

sufhcient accuracy by V exp (—a V ') where a =2.4
X10'(1—6(10"r)'g. With a =1930, this fits all the observa-
tions from 1.5&(105 up to 1.16&(10 volts within experi-
mental error; in this range the yield varies by a factor of
over a hundred. The experimental a gives an r =3.2)&10 ",
which is small but not impossible. The observed yield is
never more than a tenth of the theoretical upper limit,
which we get by assuming that every proton which pene-
trates inside of r causes a disintegration. Thus the present
evidence confirms, in the case of lithium, the applicability
of the Gamow model.

42, The disintegration of lithium by protons of high
energy. M. C. HENDERsoN, University of California. —The
results recently obtained by Lawrence, Livingston and
White have been extended to protons having an energy
up to 1,125,000 electron-volts. After the rapid increase
found by Cockroft and Walton at lower voltages the num-
ber of disintegrations per proton increases above 400,000
electron-volts proportionally to the 3/2 power of the energy.
The range of the proton is known to be proportional to the
same power of the energy. These facts indicate that the
probability of disintegration of the individual lithium
nucleus is independent of the energy of the proton above
400,000 volts. The relative number of disintegrations over
the whole range from zero to 1,125,000 electron-volts is
given quite exactly by N=k' Ve ~ ' where V is the energy
of the protons and k' and a are constants. From 400,000 to
the upper limit reached this formula is practically indistin-
guishable from N= k(U'I' —Uo'~') when the experimentally
determined values of the constants are used. The more corn-
plex formula has theoretical justification and the radius of
the lithium nucleus as calculated from the experimental
value of a is about 4&(10 "cm. The cross section effective
for disintegration seems to be much smaller, with a radius
of 1.4X10 "cm. The actual number of disintegrations is
half the number of alpha-particles emitted and is equal to
2.0 disintegrations per 10' protons at 250,000 electron-
volts; 10.2 disintegrations per 10' protons at 500,000
electron-volts; 40 disintegrations per 10' protons at

44. Detection of corpuscular radiation by vacuum tube
methods. JQHN R. DUNNING, Columbia University. —The
advantages of the direct detection of the ionization pro-
duced by alpha-particles or high-speed protons include
linearity, high resolution, freedom from beta and gamma-
disturbances, uniform response over large area, adaptabil-
ity to differential methods, low "natural count, " and full
quantitative results. This paper is a study of the design of
high gain resistance-capacity coupled amplifiers for this
purpose. The magnitude and wave form of the initial pulse
are functions of a number of factors, and to secure both
high sensitivity and resolution, the initial circuits must have
special characteristics involving certain compromises. The
resistive and capacitative components of the input admit-
tance are highly important, and the reduction of the effec-
tive input capacitance associated with the first tube and
ionization chamber is discussed. Numerous sources con-
tribute to the noise level which a high initial amplification
and other practices minimize. Various types of input tubes
have been tested, and the characteristics of an ideal tube
are indicated. The complete set-up includes a linear ampli-
fier with staggered time constants, peaked frequency re-
sponse, isolation filter circuits, extreme shielding, and a
balanced output circuit feeding a high-frequency moving
light beam oscillograph. The apparatus has been used to
obtain oscillograph records of alpha-particles and of pro-
tons, both from nuclear disintegration and from neutron
impacts.
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45. The airplane method of obtaining cosmic-ray in-
tensity data. LvNN G. HowELL, Humble Oil Company,
Houston, Texas and LEwrs M. MoTT-SMITH, The Rice Insti-
tute, Houston, Texas.—In order to obtain new data on the
intensity curve of the cosmic radiation at high elevations an
airplane was used to carry an electroscope to the various
altitudes up to about 27,000 feet. The advantages of this
method are discussed. The construction of a high pressure
Wulf-type electroscope for this purpose is described. The
details of the calibration of the instrument and the tech-
nique for making reliable intensity measurements in an
airplane are presented. In the course of this work measure-
ments were made at various altitudes of the cosmic-ray
absorption by lead shields of thickness 1.3, 2.5 and 4.7 cm.
The results of these measurements indicate that there are
difFiculties in the way of making the corrections for local
radiation by the use of shields.

40. Airplane cosmic-ray intensity measurements. LEwj:s
M. MOTT-SMnH, The Rice Institute, Houston, Texas and
LvNN G. HowELL, The Humble Oil Company, Houston,
Texas.—With the help of the United States Air Corps and
particularly of Captain A. W. Stevens of Wright Field the
following cosmic-ray measurements have been made: (1)
daytime intensity curve from 1000 to 27,000 feet, (2) night-
time intensity curve up to 27,000 feet, (3) absorption in a
few cm of lead at various elevations, (4}intensity measure-
ment at 27,000 feet during the solar eclipse of August 31,
1932. Comparison with the earlier high altitude measure-
ments, notably those of Kolhorster, indicates that the
present curve is steeper at 27,000 feet, so that the marked
decrease in the absorption coef6cient above 20,000 feet is
not observed. It is found, however, that the values at the
highest altitudes are too small by a factor of about two to
fall on Millikan and Cameron's synthetic cosmic-ray curve.
No significant decrease in intensity was observed during
the night-time observation even at the highest altitudes. In
accord with all previous eclipse measurements, no change
in intensity was observed during the solar eclipse.

47. Energy-loss and scattering of cosmic-ray particles.
CARL D. ANDERsoN, California Institute of Technology. —
Cloud-chamber photographs of cosmic-ray particles tra-
versing a lead diaphragm of 11 mm thickness taken in a
uniform magnetic field of 15,000 gauss have yielded the
following facts. Electrons of initial energy of 300 million
volts were found to lose about about 35 million volts
energy per cm of lead traversed. The mean change in
direction due to scattering in the 11 mm lead plate for a
group of 33 tracks of Hr)10' gauss cm (measured both
above and below the lead plate) was 0.7 degrees, the
smallest angle being less than 0.2 degrees and the largest 3.1
degrees, the angle being measured in the plane of the front
glass plate of the cloud-chamber. This group of tracks
represents either (1) electrons of minimum energy 300
million volts, or (2) protons of minimum energy 150 million
before traversing the lead plate. For protons the minimum
energy based on curvature is 50 million volts, but allowing
for the energy loss to be expected in traversing the lead, a
lower limit of 150 million volts must be assigned. A second

group of 14 tracks comprised of electrons of energies rang-
ing from 100—300 million volts showed a mean change in
direction due to scattering in the lead plate of 4.9 degrees,
the smallest angle being less than 0.5 degrees and the
largest 14 degrees. In general the change in direction in the
lead diaphragm due to scattering is much greater than that
due to the effect of the 15,000 gauss field.

48. The variation of cosmic-ray intensities with azimuth
on Mt. Washington, N. H. THoMAs H. JoHNsoN, The Bar-
tol Research Foundation of the Franklin Institute and J. C.
STREET, IIarvard University. —The triple coincidence count-
ing rates of three G.M. counters in line were recorded at the
elevation 6288 ft. in the four azimuths, magnetic N, S, E,
and W with the line of counters inclined 20', 30', and 40'
from the vertical. For each inclination the lowest counting
rate was found in the east, with the west and the north
higher than the average. The magnitude of the variations
are such that it is exceedingly improbable that they arise
from statistical fluctuations. The variations observed in the
data for each position are, however, within statistical expec-
tation. An east minimum can be explained on the basis of
Stormer's theory of the motion of a charged particle in the
earth's field if a preponderance of the cosmic rays observed
at that elevation are protons of energies of the order of 10'0

volts. The absence of an east-west difference at lower ele-
vations would find its interpretation in the idea that the
rays which penetrate the atmosphere have energies so high
that they are not excluded from the east by the earth's field.
It may be also possible to explain the effect by the influence
of the earth's field on secondary rays.

49. "Expansion Chamber Data on Cosmic-Ray
Ionization. "*

GORDON L. LocHER

National Research Fellow, at the Bartol Research Foundation

of The Franklin Institute

Experimental evidence is presented for a new process of
ionization by swiftly moving corpuscles. According to this
theory, part of the ionization is produced by characteristic
x-radiation generated in the gas by the passage of the par-
ticle through it. A discussion will be given of the amount of
ionization along cloud tracks of cosmic-ray particles, as
compared with that found in ionization chambers, also of
the rate of influx of the particles, as found with a precision
cloud machine and Geiger-Muller counters. An analysis is
made of simultaneous groups of cloud tracks.

50. "New Technique in the Cosmic-Ray Field and Some
of the Results Obtained with It."~

R. A. MILLIKAN AND H. VIGTQR NEHER

California Institute of Technology

There have been developed new types of cosmic-ray elec-
troscopes which are at least ten times as sensitive as the most
sensitive of those heretofore used by either of us, and which
are in addition self-recording and independent of gravity as
well as of the vibrations of the supporting platform. They

~ Invited papers.
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make a permanent record of cosmic-ray intensities in the
localities through which they pass, and a record which is
just as accurate and dependable whether the recording in-
strument is in a moving railway train, automobile, airplane,
or steamship„or at rest in a laboratory, so that when a
given area has once been surveyed with their aid subsequent
students need only come and read their records, perma-
nently preserved on 6lms, —records which are of course en-
tirely free from all personal equation and preconception.
These electroscopes have thus far failed to reveal any
variation in the cosmic-ray intensities in any of the locali-
ties through which they have been carried over the earth' s
surface so long as they have been kept at a uniform depth
beneath the top of the atmosphere. This statement applies
accurately to sea-level observations, which have now been
carried from 49' north to 8' north. Readings at high alti-
tudes are not yet complete. Also readings with these electro-
scopes both at low and at high levels (14,000 feet) reveal no
direct effect of the sun or of any other celestial objects.
Thus far, then, the new technique has brought no evidence
that the incident cosmic-ray photons are mixed in ap-
preciable amount with their secondary corpuscular radia-
tions when they enter the atmosphere. The continuation of
these readings in the higher atmospheric levels will reveal
whether the softer components of the incoming cosmic rays
are as free from such mixing as are the harder components.

51. "Some Evidence Regarding the Nature of Cosmic
Rays. "*

ARTHUR H. CQMPTQN

The University of Chicago

Five methods of distinguishing between photons and elec-
trons or other charged particles as the primary cosmic rays
are discussed: (1) A study of cosmic-ray absorption, which
indicates that if electrically charged the rays must have
much higher energy than if they are neutral. (2) The inten-
sity at high altitude, which is consistent with the view that
charged particles enter the atmosphere from above. (3) The
Bothe-Kohlhorster experiment, indicating that high-speed
particles exist whose absorption is about that of cosmic
rays. (4) Defiection by magnets, which shows electrically
charged primary or secondary particles of very high energy.
And (5) variations in cosmic-ray intensity with differences
in magnetic latitude on the earth's surface. Evidence is
presented to show that this diR'erence cannot be due to
magnetic efFects on secondary electrons, but that it is the
primary rays which are thus affected. This supports the
view that cosmic rays are electri6ed particles, with energies
(if electrons} of 10' electron-volts and more.

52. A yortable high tension voltmeter. H. T. CLARK,
I'urdue University. —A glass tube two inches in diameter
and eight inches long is 611ed with oil and contains two disks
and a very light aluminum vane suspended midway be-
tween the electrodes. This vane is fixed rigidly to a mirror
which is mounted above the oil level (in a side tube) and
the assembly suspended on a light gold wire under tension.
A potentia1 a.c., when applied to the electrodes, causes a

* Invited paper.

deQection of the vane. The arrangement in oil permits the
application of high voltages and furnishes a convenient
method of damping. A laboratory model punctured at
approximately 120,000 volts. This model has been cali-
brated up to 25,000 volts for an electrode separation of
6.5.cm. The sensitivity at low voltages is about 100 volts
per cm and at high voltages it is about 250 volts per cm for
a 1.5 meter scale distance.

53. The electrostatic generation of high voltages for
nuclear investigations. R. J. VAN DE GRAAFF, K. T.
CQMPTGN AND L. C. VAN ATTA, Massachusetts Institute of
Technology. —A previous abstract (Phys. Rev. 38, 1919
(1931)) described an electrostatic generator consisting es-
sentially of a pair of hollow spherical electrodes charged by
belts. Both theoretical and experimental aspects of this
type of electrostatic machine will be discussed. A descrip-
tion will be given of the design of a much larger generator
now under construction at the M.I.T. experiment station
on the Round Hill estate of Colonel E. H. R. Green. The
electrodes of this machine are hollow aluminum spheres 15
feet in diameter, the interiors of which afFord laboratory
space for the operators. Each electrode is mounted on an
insulating column of Textolite six feet in diameter and
24 feet high, within which the charging belts run in warm
dry air. The machine is designed to develop a steady d.c.
potential of the order of 10 million volts with a continuous
power output of about 20 kilowatts. If desired this power
can be greatly increased by the installation of additional
belts. The construction of this machine is well advanced
and its operation is expected within a few months. This de-
velopment was made possible by a grant from the Research
Corporation which has also aided effectively in preparing
the engineering design.

54. A 1,500,000 volt portable electrostatic generator of
rugged design. E. H. BRAMHAI L AND R.J.VAN DE GRAAFF,

Massachusetts Institute of Technology. —For many purposes
a compact and portable source of high voltage is needed.
To provide for such a demand an electrostatic generator
has been constructed developing a constant potential of
about 1.5 million volts and having a power output of ap-
proximately. half a kilowatt. Ruggedness, simplicity, and
economy have been important considerations in the design.
The generator is of the belt type (see preceding abstract),
the electrodes consisting of spun aluminum spheres two feet
in diameter. Each sphere is supported on an insulating
column three feet long and one foot in diameter. Main-
tenance of warm dry air within the columns insures inde-
pendence of atmospheric conditions, while a helical india
ink leak along the surface of each column insures a uniform
potential gradient between sphere and ground. A rigid box-
like structure of steel serves as a base, and the entire as-
sembly, having an overall height of seven feet, is mounted
on large rubber-tired casters.

55. The initiation of discharges in high vacua. J. %'.
BEAMs, University of Virginia. —Surge potentials (of about
10 6 sec. duration) were applied to point-plane or wire-
cylinder electrodes in high vacua, and the conditions of
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breakdown studied. (For method see Phys. Rev. 41, 687
(1932)). The smaller electrode was of Pt, W, or steel; the
larger of Ni or steel. When the point or wire was negative
it was found that the discharge was started by the field
electron current from the cold cathode. (See Wood, Phys.
Rev. 5, 1 (1897), Hull and Burger. Phys. Rev. 31, 1121
(1928), Snoddy, Phys. Rev. 37, 1678 (1931).) With point or
wire positive, however, and plane or cylinder grounded,
discharges were observed to occur when the maximum field
at the cathode was much lower than usually believed to be
necessary in order to produce sufficient field electron cur-
rent to start the discharge. This discharge potential was
raised by heating the anode, by baking out the complete
tube or by allowing several discharges to pass. The evidence
indicates that these discharges are initiated by positive
ions pulled out of the point or wire anode by the electric
field.

56. The effect of high electrostatic 6elds upon the
vaporization of molybdenum. G. B.EsrxsRooK, University
of Pittsburgh. (Introduced by A. G. Wortking. )—It has been
found for wires of varying diameters, (1) that, for field
strengths of about 0.52X10' volts/cm or less at the wire
surface, there was no change in the rate of change of re-
sistance with time and hence the rate of vaporization upon
application of the field; (2) that, for field strengths above
approximately 0.52 X10' volts/cm, as successively higher
fields were applied, the rate of vaporization first decreased
slowly, then more rapidly, and finally asymptotically
toward zero at field strength over 1.8X10' volts/cm; (3)
that, with increasing temperatures, the same field strength
applied at the surface of a wire produced progressively
smaller decreases in the rate of vaporization; (4) that, when
there was an effect upon the rate of vaporization, sudden
increases in resistance occurred when the field was applied,
and sudden decreases when it was removed. A decrease in
vaporization rates was found for platinum, along with a
sudden increase in resistance upon applying the field, and a
sudden decrease when the field was removed. Worthing has
reported similar results for tungsten except that the sudden
increases and decreases were opposite to those of platinum
and molybdenum.

57. On the effect of high electrostatic Selds on the
vaporization of metals. A. G. WoRTHING, University of
Pittsburgh. —Work with tungsten and molybdenum (see
preceding abstract) shows that their vaporization rates
may be altered greatly by electrostatic fields. Obviously
there may be involved either the recapture by the external
field of material vaporized presumably as dipoles, the actual
prevention of vaporization, or both. Recapture of material
vaporized as atoms on the dipole assumption alone fails
because of the huge polarizabilities required. Recapture of
material vaporized as large aggregations of atoms fails be-
cause the effect actually becomes appreciable only at fields
of the order of a million volts per cm, though the prevention
of vaporization is almost complete at fields three or four
times this value. Production of electrostatically oriented
surface layers of dipoles with consequent strengthening of
the external field, similar to the strengthening of an ex-

ternal magnetic field by ferromagnetic material, with con-
sequent recapture of vaporized materials fails quantita-
tively. The foregoing seems to exhaust possibilities of class-
ical explanations of this effect. Further consideration is
being given on the basis of quantum mechanics.

58. Interference of light in transparent Qlms of manga-
nese. J. B. NATHANsoN, Carnegie Institute of Tecknology. —
Transparent films of manganese of variable thickness were
obtained by sputtering manganese on Pyrex glass plates.
The manganese cathode was totally enclosed in mica except
for a circular opening 1.5 cm in diameter, facing the glass
plate. When the films were examined in monochromatic
light, a series of dark circular fringes were observed similar
to Newton's rings. Examination showed no deposit of
manganese in the small region directly opposite to the
center of the opening in the mica. A section of the film taken
perpendicular to its face would therefore be similar to that
of a vertical section of a volcano. Employing the wave-
length of monochromatic light in the metal as a means for
thickness measurements, the average thickness of the film
was evaluated graphically from the diameters of the inter-
ference rings. Measurements were made for light of wave-
lengths 5461A and 5893A. Two different films were meas-
ured, having maximum thicknesses of 7X10 ' cm and
8 X10 ' cm respectively. The masses of the films were com-
puted from the average thickness of the films and the dens-
ity of manganese. A comparison of the computed masses
with those obtained by weighing of the glass plates before
and after sputtering, showed differences not exceeding 1.4%.
The phenomenon described also suggests the possibility of
evaluating the refractive indices of metals in thin films.

S9. Resistivity of expanded conductors. P. I. WoLD,
Union Co/lege. —In connection with certain work on the
Hall effect it became important to know how the resistivity
of a conductor is affected by the presence of a large number
of gas bubbles or other insulating material. Measurements
were taken on a form of Hg obtained from an ammonium
amalgam. The Hg is expanded with numerous bubbles of
gas of various sizes and in disorganized array. Lord Ray-
leigh has considered the case of a rectangular array of uni-
form insulating spheres in a conducting matrix and gives
the approximate formula cr = (1+—',p) j(1—p) or Pi =
(20 —2)j(2++1) where r =Rggi, R2 and Ri are the resist-
ances with and without spheres and p is the fractional
volume occupied by the spheres. This is found to hold
fairly well for p(0.2. Many -measurements were taken on
sand, of approximate sphericity, in CuSO4 solution and for
which p=0.7 about. For these values the simple formula
breaks down. A modified formula bringing in the next term
in a series has been derived which gives

p2 ——pi/i —0.196p2"j'g

where p~ is the new or corrected value. A double applica-
tion of this last relation gives (for p as high as 0.'75) values
correct to 1/2%. For lower values of P the accuracy is
higher. Fricke has derived a formula which takes into con-
sideration the nonsphericity of the particles and which, for
spheres, reduces to Rayleigh's simple formula. The present
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work indicates that, except possibly in extreme departure
from sphericity, Fricke's correction is not so important as
that given above.

alignment are much greater (as would be expected) when

the field rotates than when the rod rotates.

60. Absorption and reradiation of short electric waves.
C. R. FovNTAIN, George Peabody College for Teachers,
Nashville, Tennessee. —Radiations from a short wave trans-
mitter (3.7 meters) are absorbed and reradiated by a
resonance rod at various positions in the field. The quantity
of energy reradiated is vastly greater than seems possible by
classical wave theories, yet beautiful interference curves are
obtained by moving the rod. The human body also re-
radiates such waves, requiring all energy observations to be
read through a telescope 75 feet from th'e transmitter. The
magnitude of the effect is shown by a "swinging curve, "
with receiver stationary at 12.6 meters from the transmitter
while the resonance rod is swung around the transmitter in

a circle of 12.6 meters radius. Maxima came at the follow-
ing distances from the receiver: 2.44 meters (182%), 6,20
meters (137%) 10.00 meters (125%). Minima occurred at
4.50 meters (67%), 8.18 meters (83%). "Rod removed"
was considered 100%. If the slender rod, 12.6 meters from
the transmitter, is to supply 25% more energy to the re-
ceiver, 10 meters away, it must gather in and reradiate all
the energy radiated from the transmitter through an angle
of 72', a path 4 waves wide. The bunching of energy, as in
the photoelectric effect, seems to exist with waves 3.7
meters long.

61. A search for a new gyromagnetic effect: Magnetiza-
tion by the rotation of a magnetic 6eld. S. J. BARNETT,

University of California at Los Angeles and California In-
stitute of Technology. —In 1925 J. W. Fisher, in London,
made experiments in which a magnetic rod at rest was
crossed by a weak magnetic field produced and rotated
by a two phase electrical system. He expected the magnetic
elements to be rotated with the field, and the rod itself to
become (gyrostatically) magnetized exactly as if itself were in

rotation with the same frequency (Barnett effect). The null
effect obtained led him to conclude that no mean rotation
of the elements with the field occurred. I showed, however
(Phys. Rev. , 1925), that on the most favorable hypotheses
Fisher's expectation should be'greatly reduced by multi-
plication with a factor approximately 1.5 times the cross
magnetization —.' the saturation magnetization. Fisher's
errors were of the same order as this reduced result. A new
investigation of this subject, going much further than
Fisher's, has now been made, with rods of iron and per-
malloy dust in impressed fields with intensity 15 gauss
rotating at about 15,000 revolutions per second. The mean

magnetometer deflection on double reversal of the rotation
was about 0.2 rnm (in the wrong direction), mean error
about 1 mm; while the defiections predicted from the
modified formula were about 4 cm and 1.5 crn for per-
malloy and iron, respectively. Fisher's formula, or the
Barnett effect, would give about 10 meters and 7 meters,
respectively. It is thus clear that either (1.) no appreciable
rotation of the elements occurs in weak fields, or (2) if
such rotation occurs the molecular torques opposing axial

62. The gyromagnetic ratios for nickel and cobalt. S. J.
BARNETT, University of California at Jos Angeles and Cah-
fornia Institute of Technology. —In an elaborate investiga-
tion of the rotation of both iron and permalloy by mag-
netization (Proc. Amer. Acad. 66, No. 8) the gyromagnetic
ratios for the two substances were found to be, respectively,
1.04Xm/e and 1.05&(m/e, with errors probably less than
one-half percent. Successful observations have now been
made on the less tractable substances nickel and cobalt, but
the results are somewhat less precise. The ratios obtained
for those substances are about 1.06Xm/e and 1.07)&m/e.
The experimental method had to be modified to reduce the
effects of certain sources of error, including magneto-
striction, before any success was obtained with cobalt.
Inasmuch as serious errors, not suspected by other inves-

tigators, have been eliminated in all of this work the
results obtained are far more reliable than those obtained

by others, who have always obtained 1&&m/e within the
Limits of their supposed experimental errors (except
Einstein and de Haas, who, in 1915, thought they had
found 2&&m/e). The ratios obtained in this investigation
agree, within the experimental error, with those published

by L. J. H. Barnett and myself in 1925 (Proc. Amer.
Acad. 60, No. 2) as the result of an elaborate investigation
of the magnetization of many ferromagnetic substances

by rotation. The mean then obtained was 1.06&&m/e,
with an error estimated as some two percent.

63. Probabilities of K-electron ionization of silver by
cathode rays. D. L. WEBsTER, W. W. HANsEN, AND F. B.
DvvENEcK, Stanford University. —These probabilities are
measured by E line intensities from thin films. Preliminary
data with Ag on a Be block (Phys. Rev. 42, 141.L (1932))
are confirmed, and a first approximation for the correction
for fluorescence under Be continuous rays is replaced by
more exact calculations. Since these increase the correction
considerably, we have also taken data on Ag without Be,
giving approximately the same results. Defining U as
V/Vz and taking intensities at U=2 as unity, results to
date indicate intensity 0.745 at U= 1.5, 1.13 at 3, 1.12 at 5,
1.06 at 7. Available wave-mechanical theories depend on
Born's approximation, invalid unless U is large. Classical
quantum theory appears best expressed by multiplying
Thomas's formula by a factor for convergence of possible
cathode-ray paths approaching a nucleus, giving

constant 1 2E 1
Probability = 1 ——+—1 ——

U U 3 U'

where eUzX=orbitai kinetic energy. This departs so far
from experiment as to prove strictly classical postulates

unsatisfactory even as temporary approximations. Heuristic
theories can be formulated by modifying the law of repul-
sion (l.c.), but the trouble probably lies in the fundamental
defect of any classical theory, in contradicting the indeter-
minacy principle.
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64. Relative intensity of the silver IC-lines from a thick
target as a function of voltage and emergence angle. D. L.
WEBsTER, W. W. HANsEN, AND F. B. DUvENEGK, Stanford
University. —The X-line intensity from a thick silver target
has been measured in arbitrary units for voltages up to
180 kv with emergence angles from 1' to 25'. A practical
use of these data is the determination of the voltage which

will give the maximum line x-ray eKciency at any emer-

gence arigle. At 1', the best voltage is 70 kv, but at 25' it
is well above 180 kv. These data may also be used in con-
junction with results on thin targets (preceding abstract)
to get information as to the retardation of cathode rays in

silver. For this purpose the data are corrected to eliminate
the effects of target absorption (by Kulenkampff's method)
and of rediffusion (Phys. Rev. 3'7, 115 (1931)).We find

that the cathode-ray retardation law can be represented
by the formula d 1/ds = —const. /T" where T is the kinetic
energy of the electron, and s is distance along the cathode-
ray path. The above result agrees within our rather large
limits of error with more direct tests (as summarized by
Williams). Reversing the logic it seems likely that thick
target emission phenomena can be completely explained

by the laws of thin target emission, cathode-ray retardation
and rediffusion, and x-ray absorption.

65. Comparison of the angular distributions of the
cosmic radiation at elevations 6280 ft. and 620 ft. THOMAs

H. JQHNsoN, Barto/ Research Foundation of the Franklin
Institute. —The ray intensity j(8) of the cosmic radiation
has been studied as a function of the angle 8 from the
vertical on Mt. Washington, N. H. , elevation 6280 ft. , and
at a base station, elevation 620 ft. The results show a dis-
tribution less concentrated about the vertical at the higher
elevation. Unless some ad hoc assumption is invoked this
result is inconsistent with the intensities and absorption
coefficients deduced by Millikan and Cameron as their
results would lead to a considerably more concentrated
distribution at the upper elevation. Integrating the ray
intensities over all angles, the total numbers of rays per
cm' per sec. have been computed at the two elevations.
The increase in the number of rays with elevation is less
than the known increase in the ionization (Millikan and
Cameron). The ratio of numbers of rays per sec. is 1.46
against 1.87 for the ratio of ionizations at the two eleva-
tions. The average 6280 ft. ray, therefore, produces 1.28
as many ions per unit path as the 620 ft. ray. This change
in ionizing efficiency may perhaps be explained by suppos-
ing that the rays of the softer components which predom-
inate at the upper level occur more frequently in associated
groups.
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