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emulsion for different track lengths; (3) variation of (%, p)
scattering cross section with energy.
Table I shows the total correction factor that must be applied

TaBLE I. Correction factors for neutron groups.

Neutron Main group
group ground
Proton state 205 kev 428 kev 745 kev
energy A > B D
2.705 Mev 1 0.55 0.25 —
3.120 Mev 1 0.67 0.38 0.16

to each of the groups before determining their relative intensities,

Using the correction factors of Table I the intensity of the
428-kev group relative to the main group is 0.0840.02 for both
sets of data. If there is a group at D there are only two tracks in
the data which could correspond to this group. The relative in-
tensity is found to be less than one percent. It is difficult to decide
whether there is a group corresponding to the points marked C.
The number of tracks that can be assigned reasonably to such a
group in each case is no more than could be considered to be
background. In each set of data there are about six tracks that,
may be considered to be in such a group. The relative intensity
would be five percent of the main group if all of these did arise
from a level at 205 kev in each set of data.
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The 3v;-Band of Telluric CO, in the
Solar Spectrum*

LEo GOLDBERG, ORREN C. MOHLER, A. KEITH PIERCE, AND
ROBERT R. McMaTtH
McMath-Hulbert Observatory, University of Michigan, Pontiac, Michigan
February 14, 1950

BSERVATION of the lines of the 3vs-band of telluric CO,

that appear in the solar spectrum is possible only when the
earth’s atmosphere is very dry. Numerous strong lines of the
021,101,120, and 2 00 bands of H,O occupy the same wave-
length region. One of the results of guest investigator arrangement
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FI1G. 1. The 3»3-band of CO: in the solar spectrum,
with laboratory comparisons.

between the Mount Wilson and Palomar Observatories and the
McMath-Hulbert Observatory, for the direct-intensity recording
of the solar spectrum, is a spectrophotometric tracing made on
an exceptionally dry day (December 20, 1949), at Mount Wilson,
California. The weakened H:O absorption unmasks many lines
of the 3vs-band of CO,.

The top half of Fig. 1 is a part of this record; the bottom half
is a laboratory comparison. The intensity increases upward from
the straight line below each tracing. Broken lines connect corre-
sponding features of the two tracings and indicate the positions
of the band head and band center. The numbers 14,286 and 14,348
are the wave-lengths in angstroms of the absorption lines immedi-
ately above them. Beneath the CO; lines in the laboratory tracing
are the upper quantum numbers for the lines in the short wave-
length branch, and the lower quantum numbers for the lines in
the long wave-length branch of the band.

14,308 A(H,0) and 14,313A(H,0) complicate the strong CO.
band head at 14,305A in the solar spectrum, and the line at
14,338A(H,0) obscures the band center. On all tracings obtained
up to December 20, 1949, H,O lines completely mask the analogous
isotopic (C#0,¢) band head at 14,700A.
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A Precise Determination of the Energy of the
Cs!¥” Gamma-Radiation*
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OR the absolute calibration of nuclear spectrometers, it has
become common practice to make use of the photo-electrons
ejected from a radiator or the internal conversion electrons re-
sulting from a gamma-ray of known energy. Since the shape of
photo-lines depends somewhat on the position of the source
relative to the radiator and also on the thickness of the radiator,
the use of an internal conversion line appears to be preferable.
Although the energy of the Au'®® gamma-ray has been measured
with great precision,! the relatively short half-life provides a
calibration source of only temporary utility. It is felt that the
conversion electrons from the 0.66-Mev gamma-ray which follows
the disintegration of Cs'¥ provide a much more suitable calibra-
tion standard. The 33-year half-life makes possible the preparation
of an essentially permanent laboratory source of monoenergetic
electrons. There is also the advantage that the conversion line
lies at a higher energy and is completely separated from the main
nuclear beta-spectrum. In an attempt to establish Cs'¥7 as a
calibration standard, the energy of the internal conversion elec-
trons has been carefully determined by direct comparison with
that of the 0.4112-Mev gamma-ray of Au'%.

The measurements were made with the 40-cm radius of curva-
ture, 180 degree focusing, shaped magnetic field spectrometer.?
A composite source of Au'®® and Cs'” was prepared on a 0.00025-
in. Al backing. The source was 0.25 cm wide and 2.5 cm high and
was spread with the aid of insulin. An electrically grounded source
of mechanical permanence was thus obtained. The scattering from
the aluminum backing causes only a slight broadening of the lines
and does not affect the energy determinations which are made in
terms of the extrapolation of the high energy edges. The source
thickness was estimated to be 0.03 mg/cm? of Au!'*® and 0.1
mg/cm? of Cs!¥,

Figure 1 shows a typical momentum distribution curve of the
electrons which are internally converted in the K shells of Hg!%
and Ba'¥’. For these measurements, the detecting slit was 0.40 cm
wide and the distance between the center of the source and the
center of the slit was 2p=80.58 cm. In determining the energy
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FIG. 1. Internal conversion electrons from Au!?® and Cs!37.

from the extrapolated high energy edge, a small correction was
made for the finite resolution by using for p, one-half the minimum
distance between source and detector slit. In all cases the magnetic
field was measured immediately below and above each line by
means of a flip coil and ballistic galvanometer as well as by
balancing the voltage picked up by a continuously rotating search
coil against that picked up in a standard Helmholtz field. The
interpolation of points actually on the lines was made in terms
of the energizing current of the magnet which was stabilized
electronically to about 0.01 percent and measured by means of a
type K potentiometer and standard resistance. In any one run,
the magnet current was varied only in one direction. On the basis
that the electrons from the Au'*® gamma-ray correspond to an
extrapolated high energy edge of Hp=2219.6 gauss-cm, the elec-
trons following the Cs'7 disintegration are observed at Hp=3381
gauss-cm. The corresponding kinetic energy of the electrons is
0.6239 Mev and the energy of the gamma-radiation is 0.6614
+0.0007 Mev.

Additional runs were made on the Cs®7 conversion lines with
the same source but with the detector slit reduced from 0.40 cm
to 0.20 cm. The profiles of the lines are shown in Fig. 2. Even with
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FIG. 2. Internal conversion electrons from Cs!37,

the extremely high resolution employed, the broadening of the
lines because of backing and source thickness is such that the
individual L and M lines are not sufficiently separated to be useful
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for additional calibration purposes. The calibration in terms of
the K line is summarized in Table I.

TABLE 1. Gamma-ray energies.

H Electron energy K binding Gamma-energy
gauss-cm Mev Mev Mev
Autss 2219.6 0.3280 0.0832 0.4112
Cs137 3381 0.6239 0.0375 0.6614 3-0.0007
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On the vy —y-Angular Correlation in Pd1%
J. A. SPIERS

Clarendon Laboratory, Oxford, England
February 15, 1950

E denote the successive y-emissions and nuclear spins in
Pd1os by
v
e
Ji—=>J—0
Yro Y2
the ground state of Pd!%, (even-even), being taken to have zero
spin. The measured angular correlation! of v, and v: is given by

W(8) =1—1.66 cos?6+42.16 cos*6.

As Ling and Falkoff? have shown, this cannot be explained
theoretically on the assumption that v, is pure quadrupole
(J2=2) and v: pure quadrupole (J1=0) or mixed dipole-quadru-
pole (J1=1,2,3). Also 2 cannot be dipole (Jo=1) or there
would be no cos*6-term in W ().

The author® has calculated the correlation to be expected on
the assumption that vy, is pure octupole (J;=3) and v; pure
octupole (J;=0), pure quadrupole (J;=1) and mixed dipole-
quadrupole (J1=2, 3). Using the obvious notation WJ,J:0 we ob-
tain :*

Woso=1-+111 cos?6—305 cos*6-+225 cos®d,
Wiz0=14(47/54) cos?6— (15/27) cos*f,
Waso=2|a|2(23—9 cos?0)+5| B|2(8 —3 cos?0+5 cos?f)
+6(30)¢R(1—3 cos?),
W 3s0=16| a|2(13+9 cos?6)+ (48/9) | 8[2(51+3 cos?6
—20 cos*0) +96R(1— 3 cos?6).

None of these functions fits the facts; for instance, none of
them has a cos‘¢-term whose coefficient is or can be made positive
and of order of twice the constant term.

Higher values of J, (J1=4, 5, 6, with J»=2, 3) were also tried,
with the same result.

It is possible however to account for W(6) in a very simple
manner if we are willing to suppose that one of the excited levels
of Pd!% consists in fact of two levels with different spins but
sufficiently close together in energy not to have been resolved.
W (6) is then a superposition of two correlation functions sharing
a common value of J, (or J3).

One at least of these two functions must have a cosf-term
whose coefficient is positive and twice the constant term. Of all
the functions with J,=2, 3, and J,=0 to 4, only Wy satisfies this
condition. The second function cannot then have J,=0 also,
since this would forbid completely the observed crossover transi-
tion v3; we are left with functions of the form WJ,20, the upper
excited level being the one that is in fact two levels, with spins
J1=0and J,'=1, 2, 3, respectively (see Fig. 1).

Assuming for a start that v,’ is a pure dipole, and taking J,'=1,
we have

W (6) =AW o20+BW 120
=A5/4(1—3 cos?0+4 cos'd) +B3/8(3 —cos?6),



