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oses. The calibration in terms offor additional calibration purposes. e
the F line is summarized in Table I.
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Fir. i. Proposed level scheme of Pd'".

where 8/A=intensity of p&'/intensity of y&, and the constants
5/4, 3/8 are for normalization of the respective correlation
functions.

If we choose 8/A to give correctly the observed coefBcient of
cos'8, we obtain 8/A = 1.12, and 5'(8) =1—1.66 cos'8+2.0 cos48.
Similarly J&'=2 yields, for 8/A =0.91, W(8) =1—1.66+2.4 cos48,
while J '=3 yields, for 8/A =1.04, 5'(8) = 1—1.66coss8+2. 15cos'8.

Thus all three assumptions Ji'=1, 2, 3 enable the observed
W(8) to be accounted for, with yi' a pure dipole. A fortiori, the
same holds if y&' is a dipole-quadrupole mixture; i,e., if we are
free to adjust the parameters

~
u~', etc. , as well as 8/A.

Higher values of J&' may also be consistent with the observed
8'{8), though these are less likely for other reasons. '

I'arises of the levels. —If, as Peacock's considerations of P-decay'
suggest, the upper excited levels have the same parity as the
ground state, then the measured correlation between direction of
emission and polarization of yi and y2s requires that the inter-
mediate level have the same parity as the others. On Hamilton's
theory' the proposed scheme of Fig. 1 then gives the same theo-
retical curve as that calculated in reference 6 for two successive
electric quadrupoles; opposite parity would give the reciprocal
of this curve.

The scheme of Fig. 1 is, of course, purely tentative unless the
doubling of the upper excited level can be confirmed by further
experiments.

' E. L. Brady and M. Deutsch, Phys. Rev. 72, 870 (1947); 74, 1541
(1948).

~ D. S. Ling and D. L. Falkoff, Phys. Rev. 76, 431 (1949); 76, 1639
(1949).

~ J. A. Spiers (to be published).' For the meaning of I nI ~, I Pl
~ and R see reference 2.' W. C. Peacock, Phys. Rev. '72, 1049 (1947).

e M. Deutsch and F. Metzger, Phys. Rev. 74, 1542 (1948).' D. R. Hamilton, Phys. Rev. 74, 782 (1948).
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8.3 cm in diameter at the sample position, 3 m from the target.
As the detector was 1 m from the beam axis no photo-neutrons
were generated in the detector or shield and it was found un-
necessary to enclose the entire betatron in a neutron shield.
Whenever possible samples were shaped so as to utilize the entire
beam. Liquid samples were held in a 350-cm aluminum container.
Samples were exposed for 3 min. and counted from 44 to 220 sec
after irradiation. An R Thimble in a 1/8-in. lead intensifier on the
beam axis at 4.69 m was used in conjunction with a monitoring
rhodium foil placed close to the betatron to determine the ex-
posure, transmission and absorption of radiation by the sample.
All readings were corrected for background measured without
sample.

Absolute neutron yields were computed from these data after a
calibration exposure with a 200-mC Ra-cx-Be source at the sample
position. Computation of k, the neutron yield per mole per unit
beam intensity (1r measured in 1/8-in. of lead) included allow-
ance for attenuation of the radiation in the thick samples. Neu-
tron yields are given in Fig. 1. For 50-Mev x-rays they can be
fitted closely by the relation k = 1860Z' neutrons per mole r.

Several points shown in Fig. 1 taken at 22 Mev to check the
relation k=50Z' found by Price and Kerst, ' can be fitted by
k= (25+5)Z'. The coefFicient in the Illinois data is reduced from
50 to 28 when corrected for the ratio, 1.75, on intensification by
lead and Bakelite. ' The agreement is good.

Relative yields of (y, e) reactions at 50 Mev, determined by
Perlman and Friedlander, 4 show the same trend as the present
data although individual yields vary more widely from the Zs
relation.

It is noteworthy that for lead the yields at 50 and at 22 Mev
are equal; it is to be presumed from this that the neutron-generat-
ing processes in lead are induced mainly by quanta below 22 Mev.
Values of k for copper were determined at a series of x-ray energies.

Neutron Production in Various Substances
by 50-Mev X-Rays

G. C. BALDwiN AND F. R. ELDER
Research I.aboratory, General, E/ectric Compaey, Schenectady, Nnv York

January 30, 1950

t EASUREMENTS of rates of production of neu'trons by
~ ~ 22-Mev x-rays in various materials have been reported by

Price and Kerst. ' The present measurements were made by an
essentially identical technique. Fast photo-neutrons emitted at
90' were detected after moderation by the 44-sec. Rh'Os activity.
The moderator, a 6-in. cube of paraf5n, was surrounded on all
sides by a cadmium-lined parafEn shield 8 in. thick; a 3-in.
cadmium-lined hole in the shield allowed neutrons from a sample
placed in the x-ray beam from a 50-Mev biased betatron' to enter
the detector. An aperture in a lead shielding wall defined a beam
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FiG. 1. Total neutron yield per mole of sample element, calculated from
the yield at 904 to the x-ray beam. per unit x-ray intensity.


