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We have measured the differential spin-exchange cross section gex(0) relative to the

differential cross section o(9) for the scattering of 0.5-eV electrons by potassium, for
angles between 10' and 180' in the electron polar scattering angle. The ratio cex(8)/
|T(9) increases monotonically from approximately 0 at 10' to 0.7 + 0.1 at 180'.

This Letter reports preliminary measure-
ments of the ratio of the differential spin-ex-
change cross section oex(e) to the differential
cross section v(0) for the elastic scattering
of 0.5-eV electrons by potassium. The range
of electron scattering angles studied was from
10' to 180' in the electron polar scattering an-
gle. The atomic-beam recoil technique was
used. & Previously, a similar technique was
used to obtain bounds on the total spin-exchange
cross section vex for the scattering of electrons
by potassium. ' Nore recently, optical pump-
ing experiments have been used to determine

oex in the thermal energy range for electrons
scattered by the alkali elements. ' The pres-
ent work, however, represents the first elec-
tron-atom differential exchange measurements
reported to date. ~&'

The observed ratios can be expressed in terms
of the direct and exchange scattering amplitudes
f(9), g(|)) by

o (8) Ig I

'

&(9) «~f g~'+« ~f+g~"-

or etluivalently, in terms of the singlet (S) and

triplet (T) scattering amplitudes, as

IS-T I2„(())

o(8) 3 IT I'+ IS I' '

A schematic diagram of the experimental
arrangement is shown in Fig. 1. The atom beam
is spin-polarized and velocity selected by a
Stern-Gerlach dipole magnet, and is spin-ana-
lyzed after scattering by an F.-H gradient-bal-
ance magnet. ' The entire analyzer and detec-
tor assembly can be rotated about the interac-
tion region, so that differential scattering-in
measurements can be made, as a function of
atomic recoil scattering angle. A suitable trans-
formation is then used to calculate the corre-
sponding electron polar scattering angle 8. The
oven is displaced in such a direction that the
analyzer refects atoms which do not undergo
a spin charge during scattering. '

Measurements are made of the ratio of the
scattering signal with analyzer on to that with
the analyzer off. Corrections are made for
the residual depolarization initially present
in the beam (-i%%uo) and for the transmission
factor for balanced atoms in the analyzer (-75%%uc).
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FIG. 1. Schematic diagram of the apparatus. Scattering takes place in a magnetic field of 500 G in the direction
of the incident electrons. The magnetic field of polarizer, gun, and detector are all in the same direction and
fringing fields throughout the apparatus prevent depolarization of atoms when passing from one region to another.

Neglecting magnetic interactions, the spin
of the atom can only change by an exchange
event, below the threshold for excitation (1.6
eV for potassium). Thus the experiment mea-
sures sex(8)/2o(8), the factor 2 arising because
only half of the exchange events (those with
antiparallel spins) are observable. The ratio
sex(8)/o(8) can vary between 0 and & the max-
imum value occurring when IS I

= 3 I T I with
a phase difference of m between S and T. Ex-
perimental values of this ratio are shown in
Fig. 2, for an electron energy of 0.50 eV. At
small angles (&30') the uncertainty in 8 aris-
es from the finite width of the atom beam. At
larger angles it is due to the width of the atom
velocity distribution and of the electron ener-
gy distribution. The latter has a half-width
of about 0.35 eV.

The observed increase of the ratio with scat-
tering angle is to be expected, since larger
angles correspond to scattering with smaller
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FIG. 2. Experimental values of o'ex(8)/a'(8) for an
electron energy of 0.5 eV. Horizontal error bars indi-
cate uncertainty in cos0 at three different angles.

impact parameters on the average. Prelimi-
nary data indicate that at higher energies the
ratio at large angles is even greater (1.0+0.30
at 1.0 eV). A quantitative comparison with cal-
culated singlet and triplet phase shifts is now

in progress. Further measurements at oth-
er energies below threshold are being made,
and we are also attempting to obtain data with
a reduced electron energy distribution (-0.20 eV).
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YA detailed description of the experimental technique
is contained in an article by K. Rubin, B. Bederson,
R. E. Collins, and M. Goldstein, to be published.

E. M. Karule in Atomic Collisions III, edited by

V. Ia. Veldre (Latvian Academy of Sciences, Riga,
1965) [translation: JILA Information Center Report
No. 3, Univ. of Colorado, Boulder, Colorado, (unpub-
lished) pp. 29-48].
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The osmotic pressure of dilute solutions of He in liquid He has been measured at
0.320, 0.650, and 1.16'K for He concentrations up to 2%. The results do not agree
well with the calculations of Ebner based on the effective potential of Bardeen, Baym,
and Pines.

The Landau-Pomeranchuk model of a dilute
solution of He' in He II has recently been ex-
tended to finite He' concentrations and low tem-
peratures by Bardeen, Baym, and Pines (BBP)'i'
and by Emery. ' According to BBP the He' qua-
siparticles postulated by Landau interact weak-
ly via a spin- and velocity-independent effec-
tive potential V(r) = f V(k)e' ' dk/(2m)3 for which
the Fourier transform V(k) has been fitted to
experiment. The value of V(k) at k=0, V„
which is equal to JV(r)dr, has been shown by
Baym'&' to be given by

2 2/Vo= —ao rn4S yn4,

where m4 is the mass of a He' atom and s and

n4 are the velocity of sound and the number
density of pure He'. The "BBPparameter"
n, is defined so that the volume occupied by
a He atom in solution at O'K is 1+n, times
the volume occupied by a He atom; experimen-
tally' no = 0.284+ 0.005. Using experimenta, l
data' at temperatures low compared with the
Fermi temperature, BBP guessed V(k) to be
of the form V(k) = V, cospk. With a value of
Vo in agreement with (1) and P = 3.16 A they
obtained a good fit to the spin-diffusion coef-
ficient D, the spin susceptibility X, and the
specific heat, all measured at low temperatures
for two He' concentrations, X =0.013 and X
= 0.0506. Since low-temperature properties
only depend on particles at the Fermi surface,
V(k) was determined for k (2kF (X'=0.0506)
corresponding to pk (2. A more recent cal-
culation by Baym and Ebner based on the BBP
potential gives good agreement with ultrason-
ic attenuation measurements by Abraham et
al. ' but does not agree well with the low-tem-
perature thermal conductivity ~ measured by

Abel et al. The disagreement with the ther-
mal conductivity may be due, at least in part,
to an uncertainty in the theoretical expressions
for D and K introduced by the use of approxi-
mate solutions of the Boltzmann equation. "

Ebner has extended the empirical V(k) of
BBP to higher values of k by fitting the spin-
diffusion data at temperatures which are high
compared with the Fermi temperature; he has
also developed expressions for the spin sus-
ceptibility" and chemical potentials p, 3 and

p, 4 in the same temperature range. The object
of this Letter is to present data on the osmot-
ic pressure which can be compared with Eb-
ner's calculations for p.4 so as to check his
determination of V(k) and that of BBP.

The osmotic pressure was measured between
an upper and a lower chamber which were ma-
chined in one copper block (to keep them at
the same temperature T) and which were con-
nected to each other by a Vycor glass super-
leak" which was the only opening into the low-
er chamber. The two chambers were filled
with measured amounts of helium through a
capillary tube opening into the upper chamber.
The upper chamber contained some liquid of
He3 atomic concentrationX and some vapor
so that the pressure was always the saturat-
ed vapor pressure Pg, T). The lower cham-
ber was kept completely filled with pure He'
and was at a pressure p-v determined by the
equality of the He' chemical potential across
the superleak':

u, (r, y, T) = g, (0,P ~, T).

Expanding the right-hand side in powers of v

gives

p, (X, 0, T)-p, ,(0, 0, T) =n(X, P, T)v, (P, T), (2)

1368


