
Figure 2 is the pulse-height spectrum of the same crystal- and
mounting showing the peak due to photoelectrons from Cs"'
y-radiation. A similar spectrum was taken after replacing the
LiI—SnI~ with a NaI —TlI crystal. A comparison of the pulse
heights at the photoelectric peaks gives an electron excitation
eKciency for LiI—SnIr relative to NaI —TIE oi i/24. 5. A cornpari-
son of the pulse heights with LiI—SnI2 for Cs"' y-rays and for neu-
trons, assuming linearity, gives a Q of 4.5 Mev for the Li'(e, n)H'
reaction which is 94 percent of the correct value of 4.785 Mev.

The scintillations produced by neutrons on LiI—SnIg which
were detected by the photomultiplier were observed on an oscillo-
scope, and the decay of Quorescence appeared to be purely ex-
ponential with a time constant of about 0.7 microsecond.

+On loan from American Cyanamid Company, Arco Reactor Testing
Station.

~ Hofstadter, MCIntyre, Roderick, and West, Phys. Rev. 82, V49 (1951),
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High Energy Photodisintegration of
the Deuteron*

T. S. BENEDEcT HAND %'. M. Wooow&RD
Cornell Unf't/eerily, IdhrJca, ¹ttrTotk

(Received January 10, 1952)

i &HE differential cross section has been measured for protons
arising fr oxG the photodisintegration of the deuteron at

laboratory angles of 60', 90', and 120' for y-ray energies ranging
from 80 to IM Mev. The technique used was essentially that used
in a previous experiment' on the photodisintegration of He4.
The pressure chamber (Fig. 1) has been modi6ed slightly by intro-
ducing an internal collimator and decreasing the solid angles of
the counter telescopes. Synchrotron y-rays of maximum energy
300 Mev were admitted to the chamber and particles were counted
which traversed the Qrst crystal and lost at least 20 Mev in the
second crystal. The pulses observed in the 6rst crystal are the
result of protons arising from photodisintegration and those
mesons which produce stars losing more than the required 20 Mev
in the second crystaL The two kinds of particles may be separated
in the 6rst crystal by a pulse-height analysis. In Fig. 1 the chamber
is shown in the position for the 83 and 90' runs. The rear section
of the chamber can be reversed to correspond to the 90' and 120'
runs. The energy of the protons counted could be varied by in-
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FEG. 2. Di8erential cross section for photodisintegration of the deuteron t/s
y-ray energy at 30o, 60o, and 90 (Lab. system).

serting various combinations of the movable absorbers mounted
in the' chamber. The counter telescope was calibrated roughly
using a ThG" source and more exactly by raising the bias on the
back crystal until the proton counting rate went to zero. This
procedure should give a linear curve for the number of protons
vs bias extrapolating to the energy thickness of the crystal.

Vhth the knowledge of the proton angle and energy one can
obtain the energy of the y-ray causing the photodisintegration.
The results obtain. ed are shown in Fig. 2 for laboratory angles of', 90', and 120'. If one assumes an angular distribution of the
form

do'/do= $811P8(o+ii cos8)+cj/8e'

and converts the results of Fig. 2 into the center-of-mass system,
one obtains for the total cross section the values shown in Fig. 3.
Along with these is plotted the photoelectric dipole cross section
given by SchiP and Marshall and Guth' for a Yukawa well of
effective range of 1./4&10 "cm with 50 percent exchange force.
The errors shown are based on counting statistics alone. The ab-
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PEG. 3. Total cross section for photodisintegration of the deuteron
|'cm system). The solid line represents the experimental data. The dashed
line is the electric dipole cross section obtained from references 2 and 8.
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Line Width of Paramagnetic Resonance and
Exchange Interaction in Salts Containing

Mn++ and Fe+++
H. KmvrAGAr, K. ONo, Axo I. HAvAsHi

Institute of Science and Technology, University of Tokyo, Tokyo, Japan
(Received December 17, 1951)

N column 3 of Table I, half-widths AP$(pbs) of paramagnetic
~ . microwave resonance absorption lines, at X=3.01 cm, are
shown for nine kinds of polycrystalline salts containing Mn++

TABI.E I. Half-widths of paramagnetic microwave
resonance absorption lines.

Polycrystals
Crystal

symmetry
&+)(obs) &Bf(caie)

(oersteds) (oersteds) s(calc)

solute error to be assigned to these points is 30 percent. For the
low energy points the measured total cross section is in essential
agreement with the calculated cross section; however, in the re-
gion of the meson threshold the experimental cross section is
higher by a factor of about 2.5. Assuming the angular distributions
of references 2 and 3 and that used by Austern4 in calculations of
the isotropic contribution, an estimate can be made of the electric
quadrupole cross section which is found to be about 1 percent of
the electric dipole cross section in the energy region of this experi-
ment. An estimate of the isotropic contribution is 40 percent of
the electric dipole cross section. The errors in these estimates are
obviously large, since they are limited by the coun, ting statistics
and the fact that observations were made at only three angles.

~ Supported by the joint program of the ONR and AEC.
1 T. S. Benedict and W. M. Woodwa'rd, Phys. Rev, 83„1269 (1951}.
'- L. I. Schift, Phys. Rev. 78. 733 (1950).
3 J. F. Marshall and E. Guth, Phys. Rev. 78, 738 (1950).
4 N. Austern, Phys. Rev. 85, :283 (1952}.

In some cases, the observed width is much smaller than the
calculated one on account of the effect of exchange coupling.
The fifth column shows the observed values' s of 8 in the Curie-

Weiss formula for the static susceptibility, x,=c/(7+8). The
departures of 9 from zero are caused by the exchange coupling of
electrons and the splitting of electronic levels by the crystalline
6eld. The inference is clear that when AH@„i,~/APg(&b, ~ is large,
8 is large. This circumstance can be explained in order of magni-

tude in the following way.
According to Van Vleck's considerations 2 d s g under exchange

coupling is given by 0 s g= v.(d s')A„, where 7.,=h/2 J and J is the
exchange integral. We tentatively set

As g= r, (hv')A„= (h/2J) (As')A„, (2)

in which ds) is A,Hs,(,b8).gP/h.
In our cases of Mn++ and Fe+++, it is probable that the effect

of splitting of electronic levels upon 8 is negligible and that 8 is

caused only by exchange coupling. 's In this case,. 8 is connected
with J by the relation'

3ke=2J~S(S+1), (3)

where k is the Boltzmann constant, 5 is the spin quantum number

{in our case S=S/2), and s is the number of nearest neighbors in

the lattice.
We can try calculating values of s by using the formula

3k8(2.35)2AH)( b )

(~&)(cele))'gPS(S+ 1)
'

which follows from Eqs. (1), (2), and (3), The resulting values of s
are shown in the sixth column of the table. They show no large
divergences from each other, but they are all several times larger
than the values of 8 deduced from the crystal structures. Further
elaborations of our rather qualitative considerations would be
futile.

A more detailed report will appear in J. Phys. Soc. Japew.
Our thanks are due Professor T. Mut6 for his cordial discussions.

FeNH4(SO4) 2
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MnClq
MnClg .2HIO
MnCly 4H2O
MnSO4
M.nSO4 H20
MnSO4 .4H sO
MnSO4 5H20

hexa.
hexa.
hexa «

mono.
Inono. '

mono.
mono.
tric.

580
180

1250
760

1340
655
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1140
1250
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~ ~
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3400
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70a,b
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~ ~
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24d
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3(=0)

38
33
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1Kumagai, Ono, Hayashi, Abe, Shimada, Shono, and Ibamoto, Phys
Rev. 83, 1077 (1951).

~ J. H. Van Vleck, Phys. Rev. 74, 1168 (1948).
~ T, Ishiwara, Sci. Repts. Tohoku Univ. 3, 303 (1914).
4 P. Thhodoridls, J. phys. et radium 3, 1 (1922).
& L. C. Jackson, Proc. Roy. Soc. (I ondon) 4140, 695 (1933).
() H. K. Onnes and E. Oosterhuis, widen Comm. 12„132e(1913).' J H. Van Vleck and W. G. Penny, Phil. Mag. 17, 961 (1934).
J. H. Van Vleck, The Theory of Plectric and Magnetic Susceptibilities

(Clarendon Press, Oxford, 1932), p. 332.

a See reference 3.
b See reference 4.

' See reference 5.
~ See reference 6.

and Fe+++. Some of the results have already been reported, '
When the g value is anisotropic„as in the case of cupric salts, the
apparent width for a polycrystaUine powder is increased. How-
ever, in powders of salts containing Mn++ and Fe+++, there is
no such efkct since these ions are in 5 states and the g value is
almost isotropic.

The theoretical half-width caused by dipolar coupling in a
powdered cubic crystal has been calculated by Van Vleck' under
the assumption that the shape function is Gaussian. The formula
thus obtained is

~&~(0*~ ) =2 35k(~&')Iv]'=2 35aPhs (s+I)&~~;a '')' (&)

As we have little knowledge of the detailed structure of crystals
in the table, we have assumed tentatively, as a first approxima-
tion, that the arrangement of ions is simple cubic with lattice
constant u. Half-widths calculated by this simpli6cation of (1)
are given in the fourth column of the table. In cases where the
crystal structure is known from x-ray analysis, as for instance
(NH4)Fe(S04) ~, the calculated width for the simple cubic arrange-
ment of ions is generally narrower than that calculated allowing
for the correct arrangement of ions in the crystals. However, the
resulting change in the calculated half-width is by a factor
ranging from about 1 to 1.4, so the difference in ionic arrangements
has no signi6cant influence on our rather qualitative discussion.

Adiabatic Study of the 128'C Transition
in Barium Titanate

SHEPARD ROBERTs
General Plectric Research I.aboratory, Schenectady, ¹mFork

(Received January 9, 1952)

'HERE has been much discussion about the nature of the
so-called Curie point transition in barium titanate. Some

writers have classed it as second order, ' while others have noticed
discontinuities typical of a first-order transition. ' ' A first-order
transition would be characterized by a latent heat which in
barium titanate has heretofore escaped direct detection. Blattner
and Merz4 observed a specific heat anomaly amounting to 47
cal/mole; however, this was spread over a range of about 15'C
and cannot be cited as evidence that the transition is first order.
A more convincing argument may be based on the change of tem-

perature which we find takes place when the transition is induced
adiabatically by applying an electric 6eld.

For this analysis ceramic disks of barium titanate of the highest
obtainable purity were used. These were attached to suitable
connecting wires and thermocouple leads and suspended by these
wires in a small oven in which air was circulated. Small changes in

temperature were detected by a recording galvanometer in the
thermocouple potentiometer circuit. The sensitivity of indication


