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agreement with what one would find from Eq. (1)
using Leighton's results for g(&u), and also from
a one -dimensional approximation.

In summary, the inelastic cold neutron scat-
tering experiment on the low-concentration nickel-
palladium alloys has confirmed the existence of
defect modes of vibration predicted by theory.
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The random fluctuations in velocity of free elec-
trons in a semiconductor give rise to electrical
noise which, in analogy with Nyquist's formula
for a passive resistor, can be characterized by
a noise temperature T„, where AT„ is the avail-
able noise power per unit bandwidth. For elec-
trons heated by an applied electric field 8, the
noise temperature measured transverse to F. is
given under suitable conditions by

where v is an electron's vel. ocity, and 7 its mean
free time. The brackets indicate an average over
f (e), the distribution function in energy of the
electrons, and the subscript t refers to the trans-
verse direction. The transverse differential mo-
bility pf' is the derivative of (vf) with respect to
a transverse electric field. The related quantity
T„'= Tz pf'/pf gives a moment of the distribution
function not a.vailable from previous measure-
ments. Here p. ~

is the longitudinal dc mobility;
the measured ratio yf'/pf differs from unity only
as a result of the anisotropic mobility of hot elec-
trons. If f is a Boltzmann function, ~exp(-e/kT ),
then T„'= Te = 2(e) /3k. For other forms of f (e)
proposed for hot electrons, T ' is not very dif-
ferent from 2(e)/3k. '

Furthermore, if f can be written in the form
f (e/&, ) which depends on E only through a nor-

malizing factor and the parameter a„and if the
relaxation of momentum is by the emission and
absorption of acoustic phonons, then the quantity
e = T„'(pf)' is constant with E Conver. sely, any
region in which there is a variation of 8 with F.
implies that f is changing its shape in that region.

This Letter gives, for the first time, results
of measurements of T„' for hot electrons in a
solid. Oriented specimens of 8 ohm-cm n-type
single-crystal germanium 1 x1 x 5 mm' were cut
and etched in CP-4, and noninjecting contacts
covering the small faces were attached by alloy-
ing with 0.6$ Sb-Au wire. The electrons were
heated by 7-p, sec pulses applied to these contacts
through appropriate rf filters, and the transverse
noise voltage at 420 Mc/sec was coupled capaci-
tatively to a receiver where it was continuously
compared with a standard. The lattice was held
at room temperature by adjustment of a flow of
cooled nitrogen. Differences in noise tempera-
ture could be measured to within +10'K+ 10$, in-
cluding an allowance for systematic errors. A
pulse bridge was used to measure p.

&
at the same

time.
Measurements of T„' were made as a function

of E. Results identical within experimental error
were obtained for the four combinations of direc-
tions shown in Table I; typical data are shown in
Fig. 1. The result that T„' is independent of cur-
rent direction was not expected; this fact is dis-
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Table I. Orientations used for noise measurements.

Case
Direction of

electric field
Direction of noise

measurement

[11o]

[1oo]

[11o]

[100]

[11o]

[o11]

[001]

[oo1]

220—

I80— + CASE (d)

X CASE (b)

cussed below. The chMges in T„' are, as would

be expected, quadratic in F. at low fields, but be-
come more nearly linear at fields of the order of
S00 v/cm. Under the conditions of this experi-
ment, the conversion from T„ to T„' =Tnpf'/p, f
caused a change of at most lg and served mainly
to increase the scatter of the experimental points.
In Fig. 2 we plot 8/80 vs (p&/p0)' for two samples
with the combinations of directions given as cases
(b) and (d) in Table I. Note that 8/8, is not con-
stant in any region of this graph, and varies from
unity at zero field to about 0.87 at 1700 v/cm.

From this last result, and the previous argu-
ment, we conclude that, with the lattice at room
temperature, the shape of f (e) must be changing
with F.. In particular, since f is known to be
Boltzmannian when E =0, it follows that it is not
for hot electrons. This is in agreement with the
calculations of Morgan, ' and the optical measure-
ments of Brown and Paige' for hot holes under
similar conditions.

The last result is not invalidated by the neglect
of the optical-mode contribution to momentum re-
laxation, which is estimated to amount to about
2Q at the highest fields used. Nor can the depar-
ture from constancy be charged to additional noise
mechanisms not considered in the derivation of
E(I. (1), for a decrease of 8 is inconsistent with
the increased contribution expected from such
mechanisms. Furthermore, these mechanisms
(such as the energy relaxation' and intervalley'
noises of Price, etc.) can interfere only if at
least one of the reciprocal mass tensors has an
off-diagonal element connecting the field and
measuring directions. For combination (a) of
Table I, none of the mass tensors has such an
element; the fact that the noise is the same for
this as for the other combinations suggests that
such noise mechanisms are negligible, and also
that the valleys are in equilibrium among them-
selves.

The linear dependence of T„' on F- observed at
the higher fields is consistent with the Pisarenko
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FIG. 1. Differences of corrected noise temperature
T„' and lattice temperature To plotted as a function of
electric field. For both cases plotted, the current is
in the [100] direction; the direction in which the noise
is measured is [011] {b) or [001] {d).

FIG. 2. The variation of 0 =T 'p plotted against p= 'l' l'
with electric field as a parameter. Ordinate and ab-
scissa are normalized with respect to zero-field values,
and the values of 8 appropriate to two possible distribu-
tion functions are shown. Approximate values of elec-
tric field are also indicated.
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distr ibution,

f (e) ~ exp[-(~/e, )'],
J. F. Reid, and J. L. Staples for aid in the experi-
mental work.

which would result if scattering by acoustical pho-
nons dominated both energy and momentum relax-
ation. ' Apart from the fact that such an f (e) pre-
dicts p,

~
cf-E ', which is not observed, it also im-

plies a constant value of 8/8, equal to 0.925. The
fact that the observed 8/8, decreases smoothly to
values lower than 0.925 shows that the change in

f (e) is not simply a transition from a Boltzmann
to a Pisarenko distribution.
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PION-PION RESONANCES IN A PURE T = 1 STATE

B. Sechi Zorn

ram normalized to the same
nd it is indicated by a dashed
ed curve represents the Q-
etermined from a three-
alculation' normalized to the
nts. The disagreement be-
ace curve and the experimen-

A very narrow peak is ob-
ev, and within the experimen-
ev, its width is consistent with
aud et al. ,

' Erwin et al. ,
' and

d the presence of a peak at
tion, and attribute it to a "di-
1. Another broader peak can

be observed at about 450 Mev, but given the effect
of a rapid decrease in available phase space be-
yond 475 Mev, it is difficult to determine the ex-
act position of the peak or to establish its width.
It is certainly in good agreement with the p parti-
cle having a Q value of 420 Mev, reported by many
authors, ' and with the reported full width of -120
Mev.

In Fig. 2 the experimental Q-value distributions
for the m+m+v mesons of reaction (2) are present-
ed in a plot similar to that of Fig. 1. The long
dashed curve represents the Q value according
to covariant four-body phase space as calculated
by Hoang and Yung' and is normalized to the to-
tal number of events. No striking deviation from
the phase-space curve is seen, but there is an
indication of a narrow accumulation af events at
a Q value of -235 Mev. Due to poor statistics and
to the lack of an exact four-body phase-space cal-

p+ p ~d+m++m',

and 75 events corresponding to the reaction,

p+p ~d+7 +W +1T (2)

have been observed out of 53 000 P-P interactions. ~

Reactions (I) and (2) are particularly suited to
the study of m-n interactions as the effect of nu-
cleon isobars is strongly suppressed, 4 and as the
pions are in a pure isospin state. Possible m-n

interactions have been studied by determining the
Q values, i.e. , the kinetic energy in the rest sys-
tem of the two and three pions produced in these
r eactions.

In Fig. I the frequency distribution of Q values
for the w+mo mesons of reaction (I) plotted in 25-
Mev intervals is presented. In order to eliminate
fortuitous fluctuation due to the choice of the par-
ticular Q-value interval used in constructing the

Brookhaven National Laboratory, Upton, New York
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Proton-proton interactions, in which a deuteron histogram, an jdeog
is formed leaving the created pions in a pure T = I area was plotted, a
isospin state, have been studied in pictures taken line. The long dash
in the BNL 20-inch hydrogen bubble chamber ex- value distribution d
posed to a 2.05-8ev proton beam at the Cosmo- body phase-space c
tron. ' total number of eve

The deuterons were identified by momentum — tween this phase-sp
bubble density measurements. ' Each event in tal data is apparent.
which a deuteron was identified was measured served at Q=-285 M
with a digitized microscope. The events were tal errors of +15 M
analyzed using reconstruction programs TRED I zero width. Barlout
and TRED II, and were kinematically fitted to par- Peck et al.' reporte
ticular reactions with the program GUTS. In this about the same posi
way, 149 events corresponding to the reaction, pion" called f of T =


