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Coincident Bursts in Small Ionization Chambers*
C. G. MoNTGoMERY AND D. D. MoNTGoMERY

Sloane Physics Laboratory, Yale U'nh ersity, Nnv Hmen, Connecticut
February 7, 1949

' j~ VI DENCE has already been reported' to show that many
~ bursts of ionization occurring in a large unshielded ioniza-

tion chamber result from nuclear disintegrations in the cham-
ber walls rather than from showers of electrons from the
atmosphere. Similar conclusions have also been drawn by
other experimenters. ' These observations have been ex-
tended to smaller chambers by measuring bursts occurring
simultaneously in two spherical chambers 3 inches in diameter
and coincidences between bursts and the discharges of a
counter set that detected electrons in air showers. The cham-
bers were similar to those of R. T. Young' who made observa-
tions of bursts under lead shielding. A pressure of 200 lbs. /in. s

of argon was used and the bursts were recorded photographi-
cally by means of an electrometer tube, a galvanometer, and a
motor-driven camera. The counter discharges flashed a lamp
which also made a record on the sensitive paper. The two
chambers were separated 9 cm center to center and three
counter trays were placed at various distances in the same
horizontal plane. The ionization produced in the chamber
corresponded to that from about 10 or more electrons travers-
ing the chamber, or to an energy loss in the chamber of about
1.5 Mev. The counter trays each had an area of 350 cm' and
hence their eSciency for the detection of an air shower in the
range of densities involved was very nearly 100 percent.

Observations were made both at sea level and at an eleva-
tion of 3500 meters at Climax, Colorado. The size-frequency
distribution of bursts is approximately a power-law distribu-
tion with an exponent which increases slightly with increasing
size of burst. For the integral distribution the exponent is
about 3. It was found that no coincidences between the
chambers or between chambers and counters occurred that
cauld not be explained by the finite resolving time of the
apparatus. This resolving time was determined by the gal-
vanometer period and by the speed of the photographic re-
corder and was found to be 1.5 sec. The fraction f of the bursts
which were coincident fortuitously is equal to 2NT, where N
is the rate of occurrence of the bursts and T the resolving
time. The observed values of N were between 100 per hour
and 10 per hour and hence f was between 8.6 percent and less
than 1 percent, depending on the sizes of bursts considered.
Similarly the observed triple coincidences could also be ac-
cidental. We must conclude therefore that air showers do not
contribute appreciably as a cause of the bursts in these
chambers.

Since the chamber walls were thin (—,', -inch steel) and care
was taken to remove all heavy material from the neighbor-
hood of the chambers, cascade showers produced locally also
cannot be the cause of the bursts observed. Heavily ionizing
particles must therefore be invoked. By a lucky accident, one
of the spheres was contaminated with a source of alpha-par-
ticles and observations made at low pressure showed about 10

times as many bursts in one chamber as in the other. At the
high pressure' used, however, the numbers of bursts in the two
chambers were the same. The alpha-particle ionization was
suppressed by recombination in the weak field near the cham-
ber walls and did not contribute. The bursts must therefore
be explained by heavily ionizing particles of long enough range
to bring them within the high field region of the chamber.
Protons, fast alpha-particles, and slow mesons produced by
nuclear disintegrations in the chamber walls remain as possible
sources of the ionization bursts. From the known range-
energy relation, a single slow meson would have to have an
energy between 4.1 and 1.5 Mev to produce a burst. It seems
unlikely that many such particles are present.

*A preliminary account of these observations was presented at the Cam-
bridge meeting of the New England Section of the American Physical
Societ,y, May, 1948.

**Assisted by the joint program of the Of5ce of Naval Research and the
Atomic Energy Commission.
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~ Bridge, Hazen, Rossi, and Williams, Phys. Rev. 14, 1083 (1948); H.

Carmichael, Phys. Rev. 74, 1667 (1948).
~ R. T. Young, Phys. Rev. 52, 559 (1937).

Microwave Absorption Spectra of
Paramagnetic Salts*

YU TING, RoY C. WEIDLER, AND DUDLEY WILLIAMs
Ohio State University, Columbus, Ohio

January 27, 1949

W E have recently observed ragnetic resonance absorp-
tion in the following paramagnetic salts: chromium

Ruoride, CrFI, chromium bromide, CrBr3, chromium sulfite,
Cr~(SO3)3, manganese tartrate, MnC4H40s, manganese car-
bonate, MnCO~, manganese acetate, Mn(C~HSO~)2, and
ferric ammonium sulfate FeNH4(S04}2 12H20. Kith in-
cident radiation of wave-length 3.3 cm, intense absorption was
noted when the external magnetic field was in the range 3000-
4000 gauss; the observed absorption peaks were in the vicinity
of 3500 gauss. In the measurements completed thus far,
powdered samples of the salts were mounted in a resonant
cavity. Further work on single crystals of the above salts is in
progress.

*This study is associated with work done under Contract No. W28-099
ac-179 between Watson Laboratories of the Air Materiel Command and the
Ohio State University Research Foundation.

The Variational Method for the Continuous Wave
Function of an Electron in the Field of a

Neutral Atom
SU-SHU HUANG

Yerkes Observatory, University of Chicago, Williams Bay, Wisconsin
January 27, 1949

INCE L. Hulthdn first formulated the variational Inethod
for the treatment of the continuous spectrum' in the

quantum theory, several papers have appeared' in which his
method has been applied to problems of nuclear scattering.
In this note we shall generalize Hulthdn's principle for the
case of electron scattering by a neutral atom.

Considering first the simplest case of a free electron in the
field of a neutral hydrogen atom, we have the following asymp-
totic form for the wave function

= (2l+1/4x)& I (l/ys} 'rIPI(cos82} sin(ky2 —l~/2+q)
&(e/yI)»PI(cosei) sin(kyi —lx/2+g} I. (1)

(We have adopted the Bohr radius and Rh as the unit of
length and of energy, respectively. The other symbols have
their standard meanings. }
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Considering

9=ffg(L E-)gdrgdrs,

where
I.=-712-&22—(2/yl) —(2/ys)+ (2/y»), {3)

Q t71 BQJT1dT2 = BQV 1 Q~T1tj'T2 Xk8$, (5)

The corresponding integral with the subscript 2 can be simi-
larly transformed. Hence

be =2ff+ (L E)gd—rgdrs+2rkbs (6)

If P satisfies the wave equation, then we have

(7)

which provides the generalization of Hulthdn's principle for
the present case.

From this derivation it is evident that the same result
would follow, also, for the case of a free electron ig the field
of a neutral atom with more than one electron. In case the
atom is not neutral the asymptotic form of P will be di6erent
from (1); but the necessary modifications can be easily made.

In practical applications, some form for P, invoh ing certain
constants, can be assumed and the constants be then deter-
mined by the condition 9=0 and 59=0. This procedure will
be analogous to what Hulthdn has adopted in his paper.

In spite of the general nature of the above method, the
mathematical formula for actually working out the varia-
tional integral are very complicated. It would therefore seem
that a somewhat less general but a mathematically simpler
formulation of the principle is more suitable. This is the
generalization of Tamm's formulation for the case considered
by Hulthdn.

For the case of 5 scattering by a neutral hydrogen atom
we can choose the three coordinates pl, p2, and p» (wliich 1s

the distance between the two electrons) to describe the wave
function, since for this case, we have spherical symmetry.
The wave equation can be written in terms of these coordinates
and with the substitution

4 =(s»Iys)Lsinkys+u(yi, ys, Vqs) coskys3, (S)

it can be shown that the resulting diiYerential equation for
Q(pl) &2s p»} is the Euler equation of the following variational
integral:

by=sf d~,f"d~,f""*d„,
XJ (Ql, Q2, u12, Q; Pl, 72, P») =0, (9)

where

Ji =e ~& cos2ky2 (Q12+Q22+2Q122}
pl+»

'y2

Pl V2 + /12 +1(+2 Pl ++12 )+ Qlu»+ Q2Q12
V2 +2~

2+1+12 1 1———(2Q ta»& + Q') (10)
V2 V2 71

Q, =au/a~„u, =au/a~„ Q» =8Q/8 y». {11}

we have by Green's theorem

f4V P84dri =fSPYbPdrr

+4 LP(s~kIsvi) sk(s4—I&vi)l~si (4)

Now substituting the asymptotic expansion of the wave func-
tion (1) in the surface integral of (4}{evaluated at pl~ ~), we
can show that

The foregoing two formulations of the variational principle
can be shown to be equivalent: For, with the form of the
wave function expressed in (S) 88 becomes ($)@ provided
Q(pi, p&, p») satisfies the equation governing it.

It is of interest to note that the integral reduces to that
given by Tamm in the special case u=u(p2) only, and—2{f/y& —1/y») can be approximated by an expression
which involves p2 only (as for example by a potential V(&2}
of the Hartree field of the hydrogen atom). For, in this special
case, the integration with respect to F12 and yl can be e8'ected
directly and the final integral

ti = 1f d'r[ssa' coks'r+sVs' c osky 2

+2 Vu cosky2 sinky2j (12)
is identical with what Tamm gives.

Further work on this problem is in progress.
My sincere thanks are due Professor S. Chandrasekhar who

suggested this problem to me and also made invaluable dis-
cussions.

' L. Hulthen, K. Fysiogr. Sallsk. Lund Forhandl. 14, No. 21 (1944).
2N. E. Tamm, J. Exper. Theor. Phys. (Russian) 18, No. 4 (1948); L.

Hulthhn, Arkiv. f. Mat. Astr. o. Fys. 35A, No. 25 (1948); W. Kohn, Phys.
Rev. V4, 1763 (1948); B. Holmberg, K. Fysiogr. Sallsk. Lund F5rhandl. 18,
No. 7 (1948).

Ceren&ov Radiation ESect in Meson Theory
W. W. WAD A

Randall Laboratory of Physics, University of Michigan,
Ann Arbor, Michigan

February 4, 1949

"N the present note the idea of Cerenkov radiation is ap-
- - plied to the equations of a scalar meson in the hope of
accounting for some instances of multiple meson production in
a phenomenological way. The mesonic Cerenkov radiation is
expected to occur if the source of the mesonic field, viz. , the
nucleon, moves with velocity greater than the phase velocity
of the propagation of the meson field itself.

The relativistic energy-momentum relationship gives
~/K =c(1+Kp /K'}& as the phase velocity of the meson wave in
vacuum, where eu and K are the frequency and the wave num-
ber of the phase wave respectively, Kp is the reciprocal Compton
wave-length of the meson, and c the velocity of light. This
phase velocity is always greater than c. Therefore, in order to
have conditions necessary for the mesonic Cerenkov radiation,
phenomenological field equations endowed with constants
analogous to the e and p of Maxwellian theory will have to be
used.

In the simplest case, that of a scalar meson field, at most
three such nuclear material constants may occur; but when
the Gordon-Klein equation is formed by elimination, only two
constants nl and n2 can appear:

~4 —(rtl'/c'}(~'0 /~~) —(Kp'/+2'9 =o.
The fact that the Gordon-Klein equation has three terms

indicates that, no matter what kind of meson field is con-
sidered, there would occur at most two "indices of refraction, "
one corresponding to the electromagnetic case, viz. , nl, and
the other to be associated with the Compton wave-length,

e

SZZ. , 82.
Assuming a plane wave solution to this equation one obtains

CO/K = (C/nl}{f+Kp2/(e22K2})&

as the phase velocity of meson wave in nuclear matter. It is
clear from this expression that for el & 1 and for large values of
K, the phase velocity of the meson wave may become less than
c and hence less than the velocity of the incident nucleon.

Considerations similar to those of Cox, ' who obtained the
expression for the electromagnetic Cerenkov radiation in which


