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TABI.E I. The observed values of I' are tabulated as a function of fre-
guency for a sample without a glass envelope. The ac amplitude for each
value of P is given, as &veil as the calculated value of I'.

I'
(observed)

50
200
2000
20,000

156
156
165
175

1.15
1.18
1.21
1.68

1.41
1.41
1.42
1.47

TAm, m II. The observed values of Z are tabulated as a function of fre«
quency for a sample with a glass envelope. The ac amplitude for each value
of P is given„as w'ell as the calculated value of I'.

markedly in height and occurred at slightly larger values of the a,c.
Wc attributed this anomalous behavior to the large values of the
latlo ~fjd) of radius to sklQ dcptli of t1M wires) and obtRlncd cx
perimcntal support for this conclusion by making measurements
on samples of vs'Ious conductlvltlcs Rnd slzcs RQd corrclatIQg tlM
observed deviations with the values of rja. On the other hand,
GRlkln Rnd Bczuglyl suggest that thc RnoIQRhcs CRQ bc trRccd
to the fact that, at high frequencics, the wires become adiabati-
cally isolated from the liquuid bath. The wires could then be cooled
by the magnetocaloric CGcct, during part of the cycle of the ac,
thereby increa. sing the critical current necessary to restore the
sample to the normal state. The increased critical current would
necessitate a larger I„at the maximum, thereby producing a
larger maximum. To support this mechanism, Galkin and Bezuglyi
describe an experiment in which a tin specimen of diameter 0.15
mm was drawn in a glass capillary tube, Rnd then cut into tvro
pieces. The glass was removed from one of the pieces with hydro-
Ruoric acid, but thc other specimen was left in the glass envelope.
Runs were then made on both samples. For the sample without
glass envelope the character of the curves Vg,(I„)was independent
of frequency up to 20,000 cycles /sec. At the same temperature,
the curves Vg,(I„)for the sample in the glass envelope was inde-
pendent of frequency up to 2 cycles jsec, but Rt larger frc-
qucnclcs the IDRXIIQR lncl'cRscd ln slzc up to j.0 000 cycles jscc.
Further increase in frequency did not RGcct the size of the maxima.

The above experimental result is in disagreement with all of
our data, . In our first investigations, it was standard procedure to
rcmove the glass from the samples with hydroQuoric acid. Con-
trary to the result of Galkin and Hezuglyi, we always observed R

monotonic increase with frequency of the values of the maxima of
the curves Vs,(I,.) in the range 50 cycles/sec to 20,000 cycles/sec.
A typical set oi values of I'=P(Vd.), /Is. R g for various fre-
quencies is given in Table I, where E„ is the resistance of the
sample in the normal state and Ig, is the value of thc dc. The
values of the ac amplitudes at thc maxima are also tabulated.
This sample was about 7 cm long, had a diameter of about O.j.3
mm and was prepared from spectrographically pure tin supplied by
the Johnson, Mathey Company. The data werc taken at 3.71'K,
with Ig,=40 ma an, d thc critical current, I,—I20 ma. The bases
of the calculated values of I' arc given below.

Data of the general type shown in Table I werc obtained in
seven diferent samples of high purity tin from which the glass
had been removed; at least two runs were made on each sample.
However, for these samples the curves of restoration of resistance
with direct current (Silsbce CGect) were quite broad. We felt that
the broadening was the result of the strains unavoidably intro-
duced into the samples by handhng. To reduce the possibility of

straining the samples, the expedient was then adopted of leaving
the samples in the glass envelope, except at the ends where the
gIRss wRS rcrnovcd so that thc sample could bc Inountcd IQ clamps
which served as current and potential leads. The thickness of the
glass never exceeded 0.I mm. Thc samples with glass envelopes
exhibited quite sharp curves of Silsbee cftcct. A set of values of the
pertinent quantities for a glass covered sample is given in Table II.
This sample, prepared from pure tin, had a diameter of 0.164 mm
and vras 4.0 cm long. The data were taken at T=3.70'K, with
Ig,=I4S ma and I,—240 ma. Similar data were obtained with
five diferent samples of pure tin.

. The values of I' can be calculated for an ideal case. We assume
that the resistance of the sample is zero when the total current
is less than the critical value. At the critical value, I„the resis-
tRncc jumps discontinuously to lts vRluc IQ the normal state Rnd
remains constant for all larger values of the current, A straight
forward calculation gives

2+a—sin 't (x-1)/(x+1}g

where x=I,jI@,. Since at the maximum value of Vq„ I„=Ig&+I&,
it is then possible from the measured values of I„and Id, to
calculate I'. The calculated values of P given in Tables I Rng II
have been determined in this way. It is to be noted that at low
frequencies the observed values of I' are smaller than the calcu-
lated values of P. This is to be expected, since the resistance of an
actual sample does not exhibit a discontinuous increase in resis-
tance, but rather a sharp increase to about 0.8 E at the critical
current followed by a very slow increase of resistance up to g„,
We mould Qot consider it inappropriate to multiply all the calcu-
lated values of I' by the factor necessary to obtain agreement be-
tween thc calculated and observed values at the lowest frequency.
However, we have Dot made this correction, since it is then clear
that the calculated values of I' are the largest possible values for
tlM IIMRsuI'cd values of I&0 RDd I0,0~ If It. 18 RssuIQcd tliRt thc cgcc-
tive resistance of thc samples is unchanged.

It is clear from Tables I and II that at suSciently high fre-
quencies the observed va,lucs of I' appreciably exceed these largest
possible values. This behavior was exhibited by each of our twelve
pure samples. Thus it is. clear that deviations exist which arc
greater than any that can be explained by the increase in I„due
to cooling. We must conclude that at su%cicntly high frequencies
the effective resistance of our samples is increased above the
normal value. In view of .the experimental results and the analysis
given above, the interpretation of Galkin and Bezuglyi is inade-
quate. The data is more in keeping vrith the skin effect interprcta-
tloD glvcn ln our paper. i
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30
300
3000
5000
8000
15,000
15,000

1.07
1.15
1.23
1.30
1.36
1.39
1.42

1.24
1.24
1.24
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1.28
1.30
1.31
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K report the results of calculations attempting to assess
. the utility of Schwinger's variational formulation' of the

scattering problem, when ke is so large that a phase-shift analysis,
i.e., an expansion in a series of spherical harmonics, is a slowly
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FIG. 1.Total cross sections against energy. Curve A is the Born approxi-
mation, curve 8 the variational result, and curve C the improved vari-
ational result. The exact points indicated by the circles are from Bethe and
Camac (see reference 5).

cant improvement over the Born approximation for the case of
acoustic scattering by a refractive sphere, with index of refrac-
tion 1.25. In part this improvement is ascribable to the inclusion
of the integral (1), which integral appears also in second Born
approximation, in part to the choice of a better trial function
inside the well than the Born p(r, n) =exp(ikr" n).

A further improvement can be obtained using a still better
trial function inside the well, namely, a linear combination of
forward and backward traveling plane waves, P(r, n) =exp(iEr. n)
+a exp(.—iEr n) as suggested by the results of I.atter. 6 It is
unnecessary to make specific assumptions concerning the mag-
nitude of a, since parity conservation enables us to obtain inde-
pendent integral equations and thence independent variational
expressions for the even and odd parts of the solution, remember-
ing that the variational expression for A{n, no) is independent
gf normalizing factors in the trial function. This improved varia-
tional result is also plotted in Fig. 1.

With the use of the combination exp(iEr n)+a exp( —iEr n),
exchange can be included with little additional complication. For
the square well we have been unable to evaluate (1) in closed form
except for a=no, with }It (r, n) =exp(iEr. n). However, (1) can be
evaluated in closed form for the

haft
for arbitrary n, with V(r) a

Yukawa well, which means that in this case closed forms can be
obtained for the estimated differential and total cross sections

converging procedure. With a stationary expression' we compute
A(n, no), the scattering amplitude of waves proceeding to in-
finity along the direction n as a result of a wave exp(ikno r)
incident along the direction no. The differential cross section is

~
A(n, no) ~' and the total cross section is' &r= (4r/k) Itn& (no, no).

This formulation has been used previously with good results to
estimate scattering by two-dimensional scatterers, e.g., plane
slits. ' The use of variational expressions for the individual phase
shifts has also been reported. 4

For square well potentials V(r) we have evaluated in closed
form the integral

ffdrdr'@(r, —n) U(r) G(r, r') U(r') P(r', no),

for n=no, with P(r, n)=exp(iEx n) G(r, r') is the free space
Green's function exp(fk~ r —r'~)/4s

~
r —r'~. We thereby obtain in

closed form a variational estimate of r. With E corresponding to
the wave number inside the well, the variational formulation ap-
pears to yield significantly better results than the customary Born
approximation for a square well of depth 21.3 Mev, with range
R=2.8X10 " cm, corresponding to triplet n —p scattering by
central forces with no exchange (Fig. 1).5 There is also a signifi-

including exchange using a trial function which is a combination of
forward and backward traveling waves. Jost and Pais' have evalu-
ated (1) in the Yukawa case, when E=k. Their method can also
be used for E/k, but we have found it possible and equally con-
venient to evaluate (1) with E/k by standard contour integral
techniques, after transforming to momentum space.

Further details will be forthcoming soon.
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T is well known that small ferromagnetic particles with linear.. dimensions of the order of magnitude of the domain wall thick-
ness behave as single domains. ' The surface energy of the Bloch'
wall presents a splitting up of such a small particle into several
domains. Similar effects have now been observed in ferroelectrics.

Colloidal KH&PO4 was prepared by grinding single crystals in a
colloid grinding mill using a suitable protecting colloid. By means
of a centrifuge different samples with homogeneous particle size
ranging from 650A up to 5000A were obtained. Crystal size and
shape were determined with the electron microscope. The crystats
are approximately spherical. Debye-Scherrer patterns show that
the lattice is not distorted by the grinding +ocedure.

The state of polarization below the Curie point (8= 123'K) was
investigated by observing the spontaneous strain with x-ray
diffraction. For unstressed crystals the spontaneous strain was
shown to be proportional to the spontaneous polarization. m The
volume conductivity of the colloid is probably less than 10 's
ohm ' cm ' in the neighborhood of the Curie temperature and
below.

The main results may be stated as follows: Colloidal particles
with a mean diameter D~1500A show no measurable spontaneous
strain from the Curie point down to the temperature of liquid
nitrogen, whereas particles with D~4000A undergo about the
same spontaneous strain as macroscopic domains do. The dielec-
tric constant of the colloids has a peak value at a temperature
coinciding (within the limits of error, +0.5'C) with the Curie
temperature of the macroscopic crystal, indicating that the spon-
taneous strain is not prevented by mechanical clamping (frozen
protecting colloid). ' Hence particles with no measurable strain:
have only a small spontaneous polarization. This result is con-
firmed by the fact that the decrease of the dielectric constant
below the Curie point is less pronounced for colloids showing no
spontaneous strain.

The in6uence of the electrical conductivity on the polarization
effects was investigated by repeating the same experiments with a
conducting colloid: Macroscopic KD2PO4-crystals behave like
macroscopic KH&PO4-crystals, the only essential difference is that
the Curie temperature of KD2PO4 is much higher (8=213'K).&~

At this temperature the colloid is not frozen and shows a conduc-
tivity of about 10 ohm ' cm '. The KD2PO4-particles were
imbedded in a protecting colloid, in which the exchangeable hy-
drogens were replaced by deuterium.

Debye-Scherrer photographs taken at various temperatures
revealed that in contrast to the nonconducting case (KH2PO4)
even, the smallest particles (D=750A) in the conducting colloid


