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On this basis, the writers have analyzed the results
of Smith, who measured the modulus of copper after
a deformation of 1%as a function of time and annealing
temperature. The resulting values of P are shown in
Fig. 1 for two specimens of different purities. From this
one can derive that the defect producing the dislocation
pinning has a migration activation energy of 1.0 ev, and
it is reasonable to assume that the defects are the
deformation-induced vacancies, since the activation
energy is the right order of magnitude.

Although this value does not agree exactly with any
of the other experimental determinations, it does not
seem unreasonable in the light of the recent measure-
ments of Bauerle and Koehler for quenched-in va-
cancies. ' For gold, they find 0.98 ev for the activation
energy of formation (Us) and 0.82 ev for that of migra-
tion (Use) of vacancies. The sum of 1.80 ev agrees
rather well with the measured self-ddfusion constant of
1.81 ev. ' The ratio of the migration to the self-diffusion
activation energy is then UM/(Us+ Use) =0.46. If this
ratio is assumed to hold also for copper, which has an
activation energy for self-di8usion of 2.05 ev, ' one
obtains a rather good agreement with the value for the
activation energy for the migration of vacancies in
copper reported in this note.
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Fro. 1. Section of (NH4)eIr, PtCle in (1,0,0) lane showing
nearest-neighbor pair of Ir ions, e=Ir, Q=Cl, =Pt. The x
axis is perpendicular to the plane of the paper. The Ir-Ir separa-
tion= 6.9 A.

(NH4)sIrCle. This is a salt with face-centered cubic
crystal structure which shows antiferromagnetic be-
havior in the liquid helium temperature range. The
magnetic carriers are the Ir ions, each of which has one
unpaired electron with spin s= —,', and it seems likely
that the only important exchange interactions are
between nearest neighbor Ir ions. The mechanism of
the interaction appears to be superexchange' via inter-
vening Cl ions; see Fig. 1.

Measurements have been made on a series of crystals
of different magnetic dilutions in which diamagnetic
platinum ions are substituted for Ir ions. The results
are as follows:

(i) In dilute crystals, Ir:Pt(1:100, each Ir is well
separated from other Ir's, and there are no exchange
interactions. Electron spin resonance measurements
show that the unpaired spin is about 70% in 5 d orbits
on the central Ir ion, and about 30% in p orbits on the
surrounding octahedron of six Cl ions belonging to the
(IrCle)' complex"

(ii) In semidilute crystals, Ir:Pt=1:10, there is an
appreciable chance of two (IrCle)' complexes occupy-
ing nearest-neighbor positions in the lattice (Fig. 1).
There is then overlap of the two unpaired electrons
via their transfer onto the intervening Cl ions, and an
exchange-coupled pair of Ir ions results. The interaction
can be formally written (see, for example, Baker and
Bleaney')
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' PARAMAGNETIC resonance methods have been
used to investigate exchange interactions in

= —,
'J)S(S+1)——,'g+-', LJ& '+J„S„'+J,S,'g, (1)

where J +J„+J,=O, s'=s"= —,'are the spins of the
two unpaired electrons, and 5 is the total spin of the
system which can take values 1 or 0. J is the isotropic
exchange parameter which splits the levels into a
triplet S=1 at J/4, and a singlet S=O at —3J/4
(Fig. 2). J„J„,and J, are anisotropic exchange pa-
rameters which cause a small splitting between the
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FIG. 2. Energy levels of
Ir-Ir pair.
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levels of the triplet. Measurement of electron spin
resonance transitions between the Zeeman components
of the triplet at 20'K and using 1.25 and 3.3 cm wave-
lengths give J = %0.84, J,=&0.64, J,=+0.20 cm ',
and also show the axes of the interaction to be as
indicated in Fig. 1. Because of the presence of the
singlet (S=O) the signal intensity E shows a tempera-
ture dependence which is approximately of the form
(see Bleaney and Bowers' )
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|)= sos(s+1)/3k=37/k,

where s= 12 is the nearest-neighbor number. The
anisotropic parameters J„J„,J, do not enter this
expression because the g value is isotropic. Measure-
ment of this susceptibility up to 300'K by F.R. McKim
shows 0= 24'K, giving J/k= 8'K, in reasonable agree-
ment with the resonance results on semidilute crystals
where the Ir-Ir separation is practically the same. The
low-temperature susceptibility measured by A. H.
Cooke, F. R. McKim, and W. P. Wolf gives evidence
for an antiferromagnetic transition at 2.1'K. The
specific heat measured by P. L. Smith and C. A. Bailey
shows a A-type anomaly with its peak at 2.15'K.

The results show that paramagnetic resonance tech-
niques provide a powerful method for investigating
exchange interactions in antiferromagnetics if mixed
crystals can be grown. A full account of these experi-
ments on ammonium chloroiridate and on some other
salts of iridium will be published in due course together
with a theoretical analysis of the exchange mechanism
which has been made by B. R. Judd. Preliminary
measurements of one of these salts, sodium chloro-
iridate, have been reported previously by GrBFiths and
Partridge (quoted by Baker and Bleaney').
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Measurements of this intensity down to 2'K yield
J/k=+7. 5&1.0'K. The positive sign indicates anti-
ferromagnetic exchange.

(iii) ln concentrated crystals each Ir ion has„twelve
nearest neighbor Ir ions in the face-centered cubic
lattice. At high temperatures (J/kT«1) the inter-
action (1) then leads to a Curie-Weiss susceptibility
law y=C/(5+0) with Weiss constant (see, for example,
Anderson' )
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Excitation of Rotons in Helium II
by Cold Neutrons
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HE theories of helium II developed by Landau'
and Feynman' conclude that in helium below the

P point there exist relatively simple periodic motions
of the Quid, vis. , phonons and rotons, having mean free
paths long compared to their wavelengths. Although in
the past few years neutron experiments have clearly
demonstrated the existence of phonons in solids, neutron
experiments to data' have failed to demonstrate any
marked difference in helium measurements below and
above the 'A point. Earlier this year Cohen and Feyn-
man4 pointed out that on the basis of the Landau-
Feynman theories, there should be a measurable di8er-
ence in the energy distribution of scattered neutrons
from He I as compared to He II. This letter is to
report the preliminary results of such a measurement.

A neutron beam from the Stockholm Reactor' was
filtered through 8 in. of polycrystalline Be, resulting in
a neutron spectrum characterized by a sharp rise in
intensity at 3.96 A, and varying approximately as 1/Xs
for wavelengths greater than 3.96 A (see Fig. 1). With
this incident spectrum, the energy spectrum of the
neutrons scattered at 90' from the incoming direction,
by a 10-cm sample of liquid helium, at 7=1.2 and
4.2'K, was measured. The energy was inferred from the
measured time-of-Qight of the neutrons using the Stock-
holm slow chopper and associated electronic equipment. '

Figure 1 shows the incident spectrum as measured
by elastically scattering the incoming beam through 90'
by means of a thin vanadium sample. (The scattering
amplitude of vanadium is nearly totally incoherent. )
The ordinate in the 6gure represents the counting rate
in a 30-psec time interval at the time indicated on the
abscissa. The sharp rise in intensity at 3.96 A is the


