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FIG.""1. Differential cross section for 1-Mev bremsstrahlung at 
photon energies k and angles 0, of 10°, 30°, and 90°. The frac­
tional standard deviations of the experimental points due to 
counting rate statistics are less than 10 percent for points below 
800 kev, less than 20 percent for points below 900 kev, and less 
than 30 percent for points below 1000 kev. The theoretical cross 
sections are shown by the solid curves which were obtained from 
the results of Sauter (see reference 5) and Gluckstern and Hull 
(see reference 5). 

The radiation passed to the spectrometer through a 
15-mil Al window in the evacuated target chamber. 
Electrons traveling in the direction of this window were 
deflected by an electron trap employing a permanent 
magnet. To account for the contribution of the radiation 
arising from normal background and from electron scat­
tering in the chamber, measurements were made with 
the target foil in and out of the electron beam. 

The spectrometer consisted of a f-inch diameter 12-
inch long collimator, a 5-inch diameter 4-inch long 
Nal(Tl) crystal, a type K1198 Dumont 5-inch diameter 
photomultiplier tube, and lead shielding extending 12 
inches in front, 3 inches on the sides, and § inch in the 
back of the crystal housing. The pulse-height distribu­
tion produced by incident radiation was measured with 
a 12-channel analyzer having approximately 15-kilovolt 
window widths which were calibrated during runs with 
a motor-driven sliding pulser. The pulse-height re­
sponse of this spectrometer to monoenergetrc photons 
appears as a line shape with a low energy tail3 which 
replaces the prominent Compton escape peak found 
with small crystals. This response was characterized 

by a matrix whose indices corresponded to pulse height 
and photon energy. Thus, a matrix element specified 
the counting rate at a given pulse height for photons of 
a given flux density and of a given energy. These matrix 
elements were found by interpolation between the re­
sponse curves measured for the photons from sources 
of Co^Cl.n Mev, 1.33 Mev),4 Cs137 (0.662 Mev),4 

Hg203 (0.279 Mev),4 and Cd109 (0.087 Mev).4 The matrix 
determined a set of simultaneous linear equations relat­
ing any pulse-height distribution to the corresponding 
input photon spectrum. In the present case, the brems­
strahlung yielded pulse-height distributions which fell 
off rapidly with increasing pulse height so that a line-
by-line solution of the simultaneous equations was per­
missible with the aid of a simple perturbation type 
calculation. 

Measurements of the bremsstrahlung spectra were 
made at angles of 10°, 30°, and 90°, and yielded values 
of the differential cross section shown in Fig. 1. For 
comparison, the differential cross section integrated 
over electron angle, as given by Sauter5 on the basis 
of the Born approximation, is shown by the solid lines. 
It is seen that (a) the prediction of the large intensity 
variation with angle 6 (two orders of magnitude be­
tween 10° and 90°) is confirmed, (b) although the 
measured integrated intensity goes roughly as Z2, the 
measured spectral shape is Z dependent, and (c) the 
theoretical curves appear to underestimate the meas­
ured cross sections.6 Measurements at other angles and 
materials, and for 500-kev electrons are now in progress. 

We thank Dr. H. O. Wyckoff for helpful discussions, 
and Mr. F. S. Frantz for his help in carrying out the 
measurements. 
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Correlation of Spontaneous Fission 
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EMPIRICAL correlations which can be used in 
predicting the properties of undiscovered elements 

and isotopes are of great practical value. Many such 
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relationships involving alpha-disintegration and spon­
taneous fission rates have been published.1""5 Kramish4 

correlated the competition between alpha decay and 
spontaneous fission with the fissionability parameter 
Z?/A. As a measure of the above competition,6 he used 
the ratio of the spontaneous fission half-life to the 
alpha-disintegration half-life, R, and showed a relation­
ship between consecutive alpha-decay products. 

Recently, alpha disintegration and spontaneous fis­
sion half-lives of a number of newly discovered nuclides 
have been measured (data and references given in 
Table I). We have observed that linear lines connecting 
(on semi-logarithmic paper, see Fig. 1) even-even 

TABLE I. Alpha-disintegration and spontaneous fission half-lives. 

Isotope T$(a) (yr) Ref. rj(s.f.) (yr) Ref. 7>(s.f.)/^(a) 

a References given in review by Hollander, Perlman, and Seaborg, Revs. 
Modern Phys. 25, 602-612 (1953). 

*> Sellers, Stevens, and Studier, Phys. Rev. 94, 952 (1954). 
0 J. F. Mech et al. (private communication). 
d Friedman, Harkness, Fields, Studier, and Huizenga, Phys. Rev. 95, 

1501 (1954). 
e Diamond, Magnusson, Mech, Stevens, Friedman, Studier, Fields, and 

Huizenga, Phys. Rev. 94, 1083 (1954); L. B. Magnusson et al., Phys. Rev. 
(to be published). 

' Ghiorso, Thompson, Choppin, and Harvey, Phys. Rev. 94, 1081 (1954). 
K Fields, Studier, Mech, Diamond, Friedman, Magnusson, and Huizenga, 

Phys. Rev. 94, 209 (1954). 
h Choppin, Thompson, Ghiorso, and Harvey, Phys. Rev. 94, 1080 (1954). 
1 References given in review by Huizenga, Manning, and Seaborg, The 

Actinide Elements (McGraw-Hill Book Company, Inc., New York, 1954), 
Chap. 20, National Nuclear Energy Series, Plutonium Project Record, 
Vol. 14A, Div. IV. 

i Fields, Studier, Magnusson, and Huizenga, Nature 174, 265 (1954). 

nuclides differing by two Z units and six A units give 
better extrapolated values of R than linear lines con­
necting alpha-decay products. On a particular line 
(AZ=2, Â 4 = 6; solid lines), the values of R decrease 
with increasing values of Z2/A. In general alpha-dis­
integration half-lives of even-even isotopes of a given 
element beyond the double closed shell at lead decrease 

with increasing Z2/A values (there is a reversal7'8 of 
this trend at Cf252), whereas the spontaneous fission 
half-lives of even-even isotopes go through a maximum5 

with increasing Z?/A values. However, it is interesting 
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FIG. 1. Plot of the ratios of the spontaneous fission half-lives 
to the alpha-disintegration half-lives vs. the fissionability pa­
rameter Z?/A. The solid lines connect even-even nuclides with 
AZ=2 and Â 4 = 6. Dashed lines connect even-even isotopes of a 
given element. Open circles O, R values of even-even nuclides; 
solid circles • , R values of odd nuclides; and squares • , pre­
dicted R values. 

to note that R values increase with increasing Z1/A 
values for the even-even isotopes of a given element 
(dashed lines in Fig. 1). 

It can be seen from Fig. 1 that the value of R for 
Th232 appears low indicating that the measured spon­
taneous fission half-life may be a lower limit. Cf252 with 
an R value of 30 exhibits the largest spontaneous fission 
decay branching measured to date. The predicted R 
value for Cf254 from Fig. 1 is 0.018, which means that 
Cf254 would decay mainly by spontaneous fission. 

1 Perlman, Ghiorso, and Seaborg, Phys. Rev. 77, 26 (1950); 
earlier references to alpha systematics are given in this paper. 

2 W. J. Whitehouse and W. Galbraith, Nature 169, 494 (1952). 
3 G. T. Seaborg, Phys. Rev. 85, 157 (1952). 
4 A. Kramish, Phys. Rev. 88, 1201 (1952). 
6 J. R. Huizenga, Phys. Rev. 94, 158 (1953). 
6 J. Frenkel, J. Phys. (U.S.S.R.) 10, 533 (1946). 
7 Ghiorso, Thompson, Higgins, Harvey, and Seaborg, Phys. 

Rev. 95, 293 (1954). 
8 Magnusson, Studier, Fields, Stevens, Mech, Fr iedman, Dia­

mond, and Huizenga, Phys . Rev. (to be published). 
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