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This paper reports the results of an ultra-
sonic shear-wave experiment proposed by Alig,
Quinn, and Rodriguez, to distinguish between
a "quasi-free" electron Fermi surface and a
surface modified from this configuration by
spin-density wave states (SDW) in accordance
with Overhauser's' calculations that the elec-
tronic ground states of potassium, rubidium,
and cesium may be SDW states. With a mag-
netic field aligned parallel to the ultrasound
propagation direction (which configuration meets
Overhauser's suggestion' that the SDW in potas-
sium may orient itself parallel to a sufficient-
ly strong dc magnetic field), one expects to
observe the Kjeldaas absorption edge. ~ For
the free-electron model of potassium, the ab-
sorption-edge field, Be, is given by

8 =qchk /e,e

where kF = (Bm'n)'", is the radius of curvature
of the Fermi sphere, with n being the electron
concentration. The ultrasonic wave number,
q, is given by q= 2m/X =&a/vs, where X is the
sound wavelength, ~ the sound angular frequen-
cy, and vs the (shear) sound velocity. It is
important to note that for the free-electron
case, B is independent of the effective mass
of the electron. Implicit in Eq. (1) is the con-
dition ql » 1 where 1 is the electron mean free
path. In our experiments, the value of ql was
always less than 25, and hence a detailed solu-
tion of the equation of motion of the positive
ions within the metal in the presence of a mag-
netic field was necessary in order to predict
Be theoretically. Alig, Quinn, and Rodriguez~
have extended the previous calculations' to val-
ues of ql appropriate to our experiments in a
single- crystal potas sium sample.

The experimental values of B~ reported here
for various values of q are consistent with the-
oretically calculated free-electron values rath-
er than the SDW values. Measurements were
made of the relative ultrasonic attenuation co-

efficient as a function of magnetic field for both
fast and slow shear modes propagated along
the (110)axis. The results are presented in
Table I. Both Alig, Quinn, and Rodriguez'
and the present authors have used shear sound
velocities given by Marquardt and Trivisonno, '
1.78x10' cm/sec and 0.646x10' cm/sec for
fast and slow shear modes, respectively. '

The sample, ' approximately 5 mm thick for
the initial runs, and approximately 3.5 mm
thick for the higher frequency runs, was pre-
pared with flat and parallel faces in the (110)
plane. Using criteria found elsewhere, ' trans-
verse magnetoacoustic runs on this sample
yield a value of qi of approximately 10 at 50
Mc/sec. Standard ultrasonic pulse techniques
in the frequency range 10-110Mc/sec at 4.2'K
were employed, using AC-cut, 10-Mc/sec funda-
mental frequency, —,

' in. diam quartz transducers.
Both pulse-echo and transmission measure-
ments were made, the latter at higher frequen-
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FIG. 1. The derivative of y, the ultrasonic (power)
attenuation coefficient, with respect to & versus B,
the magnetic induction (measured in kilogauss). The
solid curves represent free-electron and SDW cal-
culations for ~/2m=50 Mc/sec and q/=10. The ex-
perimental points, plotted in the same units, were
measured with u/2&=50. 6 Mc/sec and q/ =8-10.
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Table I. Kjeldaas-edge positions.

&d/2z

(Mc/sec)

Experimental

Approximate
experimental

qL

Be
(ko)

(u/2m

(Mc/sec)
Assumed

ql

Theoretical a

Free-electron
model

Be
(ko)

SDW
B
(kG)

10
10
10b
29.3
29.3
49.7
50.6
50.6
49.7
49.7
70.6
70.6
70.6
90.3

110.7
109.7
110.7
110.5
110.5

1.5-2
1.5-2
4.5-5.5

5-6
5-6
8-10
8-10
8-10
8-10
8-10

11-14
11-14
11-14
14-18
18-22
18-22
18-22
18-22
18-22

1.4
1.4
4.1
4.4
4.3
7.6
7.8
7.5
7.5
7.7

11,2
11.4
11.3
14.6
18.5
18.2
18.4
18.2
18.4

10

10b
30

50

70

90
110

5.52
6

10

14

18
22

1.2

4.2
4.6

7.85

11.2

14.6
18.0

1.17

3.9
4.25

7.1

10.0

12.8
15.75

aCalculations of Alig, Quinn, and Rodriguez, Ref. 5.
Slow shear mode.

cies. Relative attenuation was recorded con-
tinuously as a function of magnetic field, and
was calibrated stepwise in relative dB/cm with
a precision attenuator and a signal generator
operating at the same frequency and subjected
to the same electronic circuitry.

Figure 1 shows the results of a 50-Mc/sec
run (the run having the best signal-to-noise
ratio of these data) in differentiated form, to-
gether with the corresponding SDW and free-
electron theoretical curves. The experimental
curve was obtained numerically from the @-
vs-B curve after adjustment for the receiver
calibration. An important feature of the curve
shown is its pronounced asymmetric shape;
the magnitude of the maximum (negative) dy/dB
is somewhat less than that predicted by the
free-electron model and considerably different
from the SDW prediction. It should be noted
that the latter observation holds for the data
taken at other, particularly higher, frequen-
cies. This suggests that our approximate ex-
perimental evaluation of sample purity (i.e. ,

ql) may be somewhat high. Making a downward
correction in l, however, would only have the
effect of displacing the calculated free-electron

peak in Fig. 1 closer to the SDW curve (which
is comparatively insensitive to l).

The over-all experimental uncertainty of these
measurements is estimated to be less than 5%.
Sample misorientation from the (110) axis,
certainly less than 4' in these experiments,
contributes corrections" totaling at most 2%.
Faraday rotation effects~ are negligible, since
the shear-wave velocity degeneracy is removed
by propagating along the (110)direction.

There appears to be no evidence in these mea-
surements to show the existence of an SDW
in potassium along (110). It should be recog-
nized that the magnetic fields which were em-
ployed may not be sufficiently strong to reori-
ent an SDW from a preferred crystallographic
direction, possibly the (123) direction, along
which the helicon-magnetoresistance measure-
ments of Penz" show a marked difference from
other crystallographic directions. From this
and other experiments'3'~ it is clear that fur-
ther ultrasonic work at higher frequencies and
in other crystallographic directions, particu-
larly the (123) direction, is indicated. Although
we were careful to avoid introducing strains
into our sample, it must be noted that SDW ef-
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fects may be easily masked even by small sam-
ple strain.

The authors are grateful to R. C. Alig, S. Rod-
riguez (Purdue University), and J. Quinn (Brown
University) for communicating to us the results
of their further calculations prior to publica-
tion. It is a pleasure to acknowledge several
valuable discussions with A. W. Overhauser
and G. Alers of the Ford Scientific Laboratory,
and with N. Tepley of this laboratory.
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Considerable interest is currently being fo-
cused on the study and measurement of photon
counting distributions. ' ' With most experimen-
tal techniques, ' such a measured distribution
is affected by the existence in the observing
system of a dead time T after each registration
of the arrival of a photon, during which no sub-
sequent photon arrival can be detected. We
report here the first detailed observation and
analysis of these dead-time effects on a pho-

ton counting distribution. -

The modifications made to the actual count-
ing probability distribution of photons arriving
at a detector by dead-time effects in the observ-
ing system have been studied by De Lotto, Man-
fredi, and Principio. ' Their results can be
used to show that for a nonparalyzable system, '
an arrival distribution of random Poisson form
is modified in such a way that the probability
of n counts being registered in a sampling time
T» T is given to second order in r/T by

p(n, T) =(n, /n!) exp(-n, ){1+n(n,-n+1)~/T-[(n, +1)n-(n, +2no+3)n +(2n, +3)n -n ]w /2T ),= —n 2 2 3 4 2

where n, is the mean number of photons arriving in a period T, reduced by the quantum efficiency
of the detector. Associated with this modified distribution is the experimentally convenient, derived
quantity'

+(n) = (n+1)p(n +1, T)/p(n, T) =n (1+on r/To+no(no-1)72/2T']-n[1+( 4n, -l)w /4T]2 T/T+n'7'/2T'), (2)

which to first order in ~/T is seen to be linear
with slope 2n, T/T. This nega—tive slope is to
be expected insofar as the existence of a dead
time has the opposite effect on a Poisson dis-
tribution to photon degeneracy effects which
cause photon bunching' and lead in first order
to a positive slope for F(n).'

Light from a tungsten lamp has completely
negligible degeneracy and can be regarded as
forming a beam of photons whose arrival prob-
ability distribution at a detector is Poisson.
The counting distribution obtained from such
a beam was measured using a photomultiplier
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